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TREATMENT OF LEARNING DISABILITIES 
AND MOTOR SKILLS DISORDER 
WITH NOREPINEPHRINE REUPTAKE INHIBITORS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to the fields of pharmaceutical chemistry and central 
nervous system medicine. More particularly, the present invention relates to methods and 
medicaments for treating learning disabilities (LDs; also referred to as Learning 
Disorders) and Motor Skills Disorder in children, adolescents, and adults by 
administering selective norepinephrine reuptake inhibitors to patients in need of such 
treatment 

Description of Related Art 

Learning disabilities are conditions that affect people's ability to either interpret 
what they see and hear, or Unk information j&om different parts of the brain. Such 
limitations can manifest themselves in many ways, including specific difficulties with 
spoken and written language, coordination, self-control, or attention, and can extend to 
schoolwork and where they impede learning to read or write, or to do math. Learning 
disabilities can be lifelong conditions that can school or work, daily routines, family life, 
and sometimes even friendships and play, hi some individuals, multiple overlapping 
learning disabilities are present, while in others, a single, isolated learning problem can be 
observed. 

The term "learning disability" broadly covers a variety of possible causes, 
symptoms, Ireatments, and outcomes and, as used h^ein, includes "Learning Disorders" 
and "Motor Skills Disorder." To be diagnosed as a learning disability, a condition must 
meet specific criteria and characteristics. Criteria for diagnosmg Learning Disorders and 
Motor Skills Disorder are described at pages 46-55 of the Diagnostic and Statistical 
Manual of Mental Disorders, Fourfh Edition (DSM-IV) (1994), American Psychiatric 
Association, Washington, D.C. 
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Learning disabilities are divided into three broad categories: 

- Developmental speech and language disorders; 

- Learning Disorders; and 

- "Other," a catch-all category that includes certain coordination disorders and 
learning handicaps not covered by the other terms 

Each of these categories includes a number of more specific disorders. 

Developmental Speech and Language Disorders 

Speech and language problems are often the earliest indicators of a learning 
disability. Individuals vsdth developmental speech and language disorders have difiBculty 
producing speech sounds, using spoken language to communicate, or vmderstanding what 
other people say. Depending on the problem, the specific diagnosis may be: 

- Developmental articulation disorder 

- Developmental expressive language disorder 

- Developmental receptive language disorder 

Developmental Arttculation Disorder - Children vAUh this disorder may have 
trouble controlling their rate of speech or may lag behind playmates in learning to make 
speech sounds- Developmental articulation disorders are conomon, appearing in at least 
10 percent of children younger than age 8. Articulation disorders can often be outgrown 
or successfully treated with speech therapy. 

Developmental Expressive Language Disorder - Children with this disorder 
have problems expressing themselves in speech. This disorder can take the form of 
calling objects by the wrong name, speaking only in two-word phrases, inability to 
answer simple questions, etc. 

Developmental Receptive Language Disorder — Individuals vydth this disorder 
have trouble understanding certain aspects of speech. A toddler may not respond to his 
name, a preschooler may hand you a bell when asked for a ball, or a worker cannot 
consistently follow simple directions. Hearing in these individuals is normal, but they 
cannot make sense of certain sounds, words, or sentences they hear and may even seem 
mattentive. Because using and understanding speech are strongly related, many people 
with receptive language disorders also have an expressive language disability. 
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Some misuse of sounds, words, or graimnar by preschoolers normally occurs 
during the process of learning to speak. Concern arises when these problems persist. 

The following discussions of Learning Disorders and Motor Skills Disorder are 
taken fiom the descriptions at pages 46-55 of the Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (DSM-IV) (1994), American Psychiatric Association, 
Washington, D.C. 

Learning Disorders 

The diagnoses in this category include: 

- Reading disorder 

- Mathematics disorder 

- Disorder of written expression 

- Learning Disorder Not Otherwise Specified 

Students with Learning Disorders (formerly called "Academic Skills Disorders") 
often lag, years behind their classmates in developing reading, writing, or arithmetic skills. 
Learning Disorders are diagnosed when an individual's achievement on individually 
administered, standardized tests in reading, mathematics, or written expression is 
substantially below that expected for the age, schooling, and level of intelligence of the 
individual. Such learning problems significantiy interfere with academic achievemait or 
activities of daily living that require reading, mathematical, or writing skills, and can 
persist into adulthood. 

The prevalence of Learning Disorders is estimated to range from 2% to 10%, 
depending on the nature of ascertainment and the definitions applied. Approximately 5% 
of students in public schools in the United States are identified as having a Learning 
Disorder. 

The prevalence of Readiag Disorder, Mathematics Disorder, and Disorder of 
Written Expression is difficult to establish because many studies focus on tiie prevalence 
of Learning Disorders without carefid separation into specific disorders of Reading, 
Mathematics, or Written Expression, which can occur alone or in various combinations 
with one another. Reading Disorder, alone or in combination with Mathanatics Disorder 
or Disorder of Written Expresaon, accounts for approximately four of every five cases of 



wo 2005/020975 



PCT/US2004/025592 



4 

Learning Disorder. The prevalence of Reading Disorder in the United States is estimated 
at 4% of school-age children. Lower incidence and prevalence figures for Reading 
Disorder may be found in other countries in which stricter criteria are used. The 
prevalence of Mathematics Disorder alone (i.e., when not found in association with other 
Learning Disorders) has been estimated at approximately one in every five cases of 
Learning Disorder, It is estimated that 1% of school-age children have Mathematics 
Disorder, Disorder of Written Expression is rare when not associated with other Learning 
Disorders. 

When present. Learning Disorders can resvilt in demoralization, low self-esteem, 
and deficits m social skills. School drop-out rates for children or adolescents with 
Learning Disorders is reported at nearly 40% (approximately 1 .5 times the average). 
Adults with Learning Disorders can experience significant difficulties in employment or 
social adjustment Many individuals (10%-25%) with Conduct Disorder, Oppositional 
Defiant Disorder, Attention-Deficit/Hyperactivity Disorder, Major Depressive Disorder, 
or Dysthymic Disorder also have Learning Disorders. 

Abnormalities in cognitive processing (e.g., deficits in visual perception, linguistic 
processes, attention, or memory, or a combination of these) can often precede, or are 
associated with. Learning Disorders. However, while the development of Learning 
Disorders may be associated with genetic predisposition, perinatal injury, and various 
neurological or other general medical conditions, the presence of such conditions does not 
invariably predict an eventual Learning Disorder, and there are many individuals with 
Learning Disorders who have no such history. Learning Disorders are, however, 
firequentiy found in association with a variety of general medical conditions (e.g., lead 
poisoning, fetal alcohol syndrome, or fi*agile X syndrome). 

Individualized testing, taking into account the ethnic or cultural background of the 
individual, is always required to make the diagnosis of a Learning Disorder. 

Reading Disorder - The hallmark of Reading Disorder (also called "dyslexia") is 
reading achievement (i.e., reading accuracy, speed, or comprehension as measured by 
individually administered standardized tests) falling substantially below that expected 
given the individual's chronological age, measured intelligence, and age-appropriate 
education. The disturbance in reading significantiy interferes with academic achievement 
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or with activities of daily living that require reading skills. If a sensory deficit is present, 
the reading difficulties are in excess of those usually associated with it. In individuals 
wifli Reading Disord^, oral reading is characterized by distortions, substitutions, or 
omissions; both oral and silent reading are characterized by slowness and errors in 
5 comprehension. MafhematicsDisorder and Disorder of Written Expression most 
commonly occur in combination with Reading Disorder. 

Early identification and intervention can result in a good prognosis for individuals 
with Reading Disorder in a significant percentage of cases, although it can persist into 
adult life. This disorder runs in families, and is more prevalent among first-degree 
10 biological relatives of individuals with Learning Disorders. 

Mathematics Disorder - This disorder is characterized by mathematical ability 
(as measured by individually administered standardized tests of matiiematical calculation 
or reasoning) that falls substantially below that expected for tiie individual's chronological 
age, measured intelligence, and age-appropriate education. The disturbance in 
15 mathematics significantiy hiterferes with academic achievement or with activities of daily 
living that require mathematical skills. If a sensory deficit is present, the difficulties in 
mathematical ability are in excess of those usually associated with it. Impahments in 
Mathematics Disorder can include "Imguistic" skills (e.g., understanding or nammg 
mathematical terms, operations, or concepts, and decoding written problems into 
20 mathematical symbols), "perceptual" skills (e.g., recognizing or reading numerical 

symbols or arithmetic signs, and clustering objects into groups), "attention" skills (e.g., 
copying numbers or figures correctiy, remembering to add m "carried" numbers, and 
observing operational signs), and "mathematical" skills (e.g., foUowmg sequences of 
mathematical steps, countmg objects, and learning multiplication tables). Mathematics 
25 Disorder is commonly found in combination with Reading Disorder or Disorder of 
Written Expression. 

Mathematics Disorder is seldom diagnosed before the end of first grade because 
suJBficient formal mathematics instruction has usually not occurred until this pomt in most 
school settings, and usually becomes apparent during second or third grade. 
30 Disorder of Written Expression - Written Expression Disorder is characterized 

by writing skills (as measured by an individually administered standardized test or 
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functional assessment of writing skills) that fall substantially below those expected given 
the individual's chronological age, measured intelligence, and age-appropriate education. 
The disturbance in written expression significantly interferes with academic achievement 
or with activities of daily living that require writing skills. If a sensory deficit is present, 
5 the difficulties in writing skills are in excess of those usually associated with it A 
combination of difficulties is generally present in the individual's ability to compose 
written texts. Grammatical or punctuation errors within sentences, poor paragraph 
organization, multiple spelling errors, and excessively poor handwriting are 
characteristically observed. This diagnosis is generally not made if there are only spelling 
1 0 errors or poor handwriting in the absence of other impairment in written expression. 
Except for spelling, standardized tests in this area are less well developed than tests of 
reading or mathematical ability. The evaluation of impairment in written skills may 
reqxiire a comparison between extensive samples of tiie individual's written schoolwork 
and expected performance for age and IQ. 
15 Disorder of Written Expression is commonly found in combmation with Readuig 

Disorder or Mathematics Disorder. There is some evidence that language and perceptual- 
motor deficits may accompany this disorder. The disorder-is usually apparent by second 
grade. Disorder of Written Expression may occasionally be seen in older children or 
adults, and little is known about its long-term prognosis. 
20 A disorder in spelling or handwriting alone, in tiie absence of other difficulties of 

written expression, generally does not qualify for a diagnosis of Disorder of Written 
Expression. If poor handwriting is due to impairment in motor coordination, a diagnosis 
of Developmental Coordination Disorder should be considered. 

Category 315.9 of the DSM-IV, "Learning Disorder Not Otiierwise Specified," is 
25 reserved for disorders in learning that do not meet criteria for any specific Learning 
Disorder. 

At present, learning disabiUties cannot be cured. While most people do not 
outgrow their brain dysfunction, they retam the ability to leam throughout their lives and 
can leam to adapt and live fulfilling lives given the right types of educational experiences. 
30 Early intervention is important in yotmg children. For individuals with dyslexia, the 
outlook is mixed, although appropriate remedial readmg programs can be beneficial. 



wo 2005/020975 



PCTAJS2004/025592 



7 

Adults with dyslexia can learn to read, although the process may be more difficult than 
that for a child. 

Treatments for individuals with learning disabilities can be educational, medical, 
emotional, and practical. Since children with leamiag disabilities have specific learning 
5 needs, most pubUc schools provide special educational programs. Special schools for the 
learning disabled are also available. Types of ther^ies that have not proven effective in 
treating the majority of children with learning disabilities include megavitamms, colored 
lenses, special diets, sugar-free diets, and body stimulation or manipulation. At present, 
there are no medications for speech, language, or academic disabilities. 

10 

Motor Skills Disorder 

Category 315.4 of the DSM-IV, "Developmental Coordination Disorder," is 
characterized by a marked impairment in the development of motor coordination. The 
diagnosis is made only if this impairment significantly interferes with academic 
15 achievement or activities of daily Uving, and if the coordination difficulties are not due to 
a general medical condition (e.g., cerebral palsy, hemiplegia, or muscular dystrophy) and 
the criteria are not met for a Pervasive Developmental Disorder. If Mental Retardation is 
present, the motor difficulties are in excess of those usually associated with it. The 
manifestations of this disorder vary with age and development. For example, younger 
20 children may display clumsiness and delays in achieving developmental motor milestones 
(e.g., walking, crawling, sitting, tying shoelaces, buttonmg shirts, zipping pants), while 
older children may display difficulties with the motor aspects of assembling puzzles, 
building models, playing ball, and printing or handwritmg. 

Problems commonly associated with Developmental Coordination Disorder 
25 include delays in other nonmotor milestones. Associated disorders may include 

Phonological Disorder, Expressive Language Disorder, and Mixed Receptive-Expressive 
Language Disorder. 

The Prevalence of Developmental Coordination Disorder has been estimated to be 
as high as 6% for children in the age range of 5-1 1 years. 
30 Recognition of Developmental Coordination Disorder usually occurs when the 

child first attempts such tasks as running, holding a knife and fork, buttoning clothes, or 
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playing baU games. The course is variable; in some cases, lack of coordination continues 
through adolescence and adulthood. 

Developmental Coordination Disorder should be distinguished from motor 
impairments that are due to a general medical condition. Problems in coordination may 
5 be associated with specific neurological disorders (e.g., cerebral palsy, progressive lesions 
of the cerebeUum), but m these cases there is definite neural damage and abnormal 
findings on neurological examination. 

In view of the pervasiveness and impact of learning disabiUties and Motor Skills 
Disorder in society, and the need inihe art for treatments therefor, the present invention 
10 provides methods and medicaments that are both safe and effective in meeting this poorly 
met need. 

StTTMMAT^Y OF THE INVENTION 

Accordingly, in a first aspect, the present invention provides a method of treating 
15 a learning disability or a Motor Skills Disorder, comprising administering to a patient m 
need of such treatment an effective amount of a selective norepinephrine reuptake 
inhibitor. The selective norepmephrine reuptake inhibitor can be, but is not Ihnited to, 
any of the compounds disclosed herein. 

In another aspect, the present invention provides the use of a selective 
20 norepmephrine reuptake inhibitor, such as any of the compounds disclosed herem, or 
other selective norepinephrine reuptake inhibitors, for the manufacture of a medicament 
for the treatment of a learning disability or a Motor SkiUs Disorder. 

Further scope of the applicability of the present invention will become apparent 
from the detailed description provided below. However, it should be understood that the 
25 detailed description and specific examples, while indicating preferred embodiments of the 
present invention, are given by way of Ulusttation only smce various changes and 
modifications withm the spirit and scope of the invention will become ^parent to those 
skilled in the art from this detailed description. 



30 
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BRIEF DESCRIP TTON OF Tin c DRAWINGS 
The above and other aspects, features, and advantages of the present invention 

will be better understood from the following detailed description taken in conjunction 

with the accompanying drawings, all of which are given by way of illustration only, and 

are not limitative of the present invention, in which: 

Figure 1 shows atomoxetine reduction of errors by rats in the 8 arm radial maze 

retention paradigm. 

Figure 2 shows atomoxetine improvement of object recognition by rats in the 

object recognition test with a three hour delay, 

DETAILED DESCRIPTION OF THE INVENTION 
The following detailed description of the invention is provided to aid those skilled 
in the in practicing the present invention. Even so, the following detailed description 
should not be construed to unduly limit the present invention as modifications and 
variations in the embodiments discussed herein can be made by those of ordinary skill in 
the art without departing from the spirit or scope of the present inventive discovery. 

The contents of each of the references cited herein are herein incorporated by 
reference in their entirety. 

Diagnostic Criteria for Learning Disorders and Motor Skills Disorder 
The Learning Disorders and Motor Skills Disorder described above contemplated 
by the methods and medicaments of the present invention are classified in the Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) (1994), American 
Psychiatric Association, Washington, D.C., pp. 46-55. The DSM code numbers and 
diagnostic criteria for each are as follows: 

Diagnostic criteria for 315.00 Reading Disorder 

A. Reading achievement, as measured by individually administered standardized 
tests of reading accuracy or comprehension, is substantially below that e>q)ected given the 
person's chronological age, measured intelligence, and age-appropriate education. 

B. The disturbance in Criterion A significantly interferes with academic 
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achievement or activities of daily living that require reading skills. 

C. If a sensory deficit is present, the reading difficulties are in excess of those 
usually associated with it 

Diagnostjlc criteria for 315.1 Mathematics Disorder 

A. Mathematical ability, as measured by individually administered standardized 
tests, is substantially below that expected given the person's chronological age, measured 
intelligence, and age-appropriate education. 

B. The disturbance in Criterion A significantly interferes with academic 
achievement or activities of daily living that require mathematical ability. 

C. If a sensory deficit is present, the difficulties in mathematical ability are in 
excess of tiiose usually associated with it. 

Diagnostic criteria for 315.2 Disorder of Written Expression 

A. Writing skills, as measured by individually administered standardized tests (or 
functional assessments of writing skills), are substantially below tiiose expected given the 
person's chronological age, measured intelligence, and age-appropriate education. 

B. The disturbance in Criterion A significantiy interferes with academic 
achievement or activities of daily living that require the composition of written texts (e.g., 
writing grammatically correct sentences and organized paragraphs). 

C. If a sensory deficit is present, the difficulties in writing skills are in excess of 
those usually associated with it 

Diagnostic criteria for 315.4 Developmental Coordination Disorder 

A. Performance in daily activities that require motor coordination is substantially 
below that expected given the person's chronological age and measured intelligence. This 
may be manifested by marked delays in achieving motor milestones (e.g., walking, 
crawling, sitting), dropping things, "clumsiness," poor performance in sports, or poor 
handwriting. 

B. The disturbance in Criterion A significantiy interferes with academic 
achievement or activities of daily living. 
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C. The disturbance is not due to a general medical condition (e.g., cerebral palsy, 
hemiplegia, or muscular dystrophy) and does not meet criteria for a Pervasive 
Developmental Disorder. 

D. If Mental Retardation is present, the motor difficulties are in excess of those 
usually associated with it. 

Auy of the disorders discussed above, whether presenting alone, comorbidly in 
various combinations with one another, or comorbidly with Attention-Deficit 
Hyperactivity Disorder (ADHD) in an individual mammal, especially a human, can be 
treated or prevented by the methods of the present invention. Patients will receive benefit 
from the use of norepinephrine reuptake inhibitors in the amelioration of the symptomis of 
any of these disorders regardless of whether comorbid conditions are present. Patients 
suffering from a learning disability or Motor Skills Disorder and Attention-Deficit 
Hyperactivity Disorder will receive benefit in the amelioration of symptoms of both 
conditions via the methods of the present invention. The present invention therefore 
further encompasses a method of treating a learning disability or Motor Skills Disorder 
with comorbid Attention-Deficit Hyperactivity Disorder, comprising administering to a 
patient in need of treatment of both a learning disability or Motor Skills Disorder and 
Attention-deficit Hyperactivity Disorder an effective amount of a selective 
norepinephrine reuptake inhibitor* 

The methods of the present invention are effective in the treatment of patients who 
are children, adolescents, or adults, and there is no significant difference in the symptoms 
or the details of the maimer of treatment among patients of different ages. In general 
terms, for purposes of the present invention, a child is considered to be a patient below 
the age of puberty, an adolescent is considered to be a patient from the age of puberty up 
to about 18 years of age, and an adult is considered to be a patient of 18 years or older. 

Norepinephrine Reuptake Inhibitors Useful in the P resent Inventioa 

Many compounds, including those discussed at length below, are selective 
norepinephrine reuptake inhibitors, and no doubt many more will be identified in the 
future. Practice of the present invention encompasses the use of norepinephrine reuptake 
inhibitors that ekhibit 50% effective concentrations of about 1000 nM or less in the 
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protocol described by Wong et al. (1985) Drug Development Research, 6:397. Preferred 
norepinephrine reuptake inhibitors useftil in the methods of the present invention are 
those that are selective for the inhibition of norepinephrine reuptake relative to tiiek 
ability to act as direct agonists or antagonists at otho: receptors. Preferably, the 
5 compounds useful, in ttie methods of the present invention are selective for the mhibition 
of norepinephrine reuptake relative to direct agonist or antagonist activity at other 
receptors by a factor of at least ten, and even more preferably by a factor of at least one 
hundred. 

Norepinephrine reuptake inhibitors usefid in the methods of the present invention 
10 include, but are not limited to: 

1. Atomoxetine (formerly known as tomoxetine), (R)-(-)-N-me1iiyl-3-(2-methyl- 
phenoxy)-3-phenylpropylamine, is usually administered as the hydrochloride salt. 
Atomoxetine was first disclosed in U.S. Patent No. 4,3 14,081 . The term "atomoxetine" 
will be used here to refer to any acid addition salt or the free base of the molecule. See, 

15 for example, Gehlert et al. (1993) Neuroscience Letters 157:203-206, for a discussion of 
atomoxetine's activity as a norepinephrine reuptake inhibitor; 

2. Reboxetine(Edronax™;Prolifl™;Vestra™; Norebox™), 2-[a-(2- 
ethoxy)phenoxy-benzyl]morpholine, first disclosed in U.S. Patent 4,229,449 for the 
treatment of depression, is usually administered as the racemate. Reboxetine is a 

20 selective norepinephrine reuptake inhibitor. The term "reboxetine" as used herem refers 
to any acid addition salt or the free base of the molecule existing as the racemate or either 
enantiomer, i.e., (S,S)-reboxetine or (R,R)-reboxetine. The use of (S,S)-reboxetine as a 
preferred selective norepinephrine reuptake inhibitor is disclosed in PCT International 
Publication No. WO 01/01973. 

25 3. Compounds of formula I: 
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CO 

wherein X is C1-C4 alkylthio, and Y is CrC2 alkyl or a pharmaceuticaUy 
acceptable salt thereof. The compounds of formula I have been described in U.S. Patent 
No. 5,281,624, and in Gehlert et al. (1995) Life Sciences, 55(22):1915-1920. These 
5 compounds are disclosed as being inhibitors of norepinephrine reuptake in the brain. It 
should be noted that these compounds exist as stereoisomers, and accordingly include not 
only the racemates, but also the isolated individual isomers as well as mixtures of the 
individual isomers. For example, the compoxmds of formula I include the following 
exemplary species: 

1 0 N-ethyl-3-phenyl-3-(2-methylthiophenoxy)propyl-amine benzoate; 

(R)-N-methyl-3-phenyl-3-(2-propylthiophenoxy)-propylamine 

hydrochloride; 

(S)-N-ethyl-3-phenyl-3-(2-butyltMophenoxy)propyl-amine; 
N-methylO-phenyl-3-(2-ethylfliiophenoxy)propyl-aimnemalonate; 
1 5 (S)-N-methyl-3-phenyl-3-(2-]^-butyltMophenoxy)-propylanaine 

naphthalene-2-sulfonate; and 

(R)-N-methyW-(2-methyltMophenoxy)-3-phenyl-propylamine. 

4. A compound of formula (lA) 



RIO 



HN 



Rl 








I ~ 






_ I 




n 




20 



25 



(lA) 

wberein n is 1, 2 or 3; Rl is C2-C\Q^^ C2-Cioalkenyl, Ca-Cgcycloalkyl or C4- 
CiQcycloalkylalkyl, wherein one C-C bond vdthin any cycloalkyl moiety is optionally 
substituted by an O-C or C=C bond and wherein each groiq) is optionally substituted with 
from 1 to 7 halogen substituents and/or with from 1 to 3 substituents each independently 
selected from hydroxy, cyano, Ci-C4alkyl and Ci-C4alkoxy; R2 is H, Ci-C4alkyl 
(optionally substituted wilh from 1 to 7 halogen atoms), Ci-C4alkyl-S(0)x- wherein x is 
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0, 1 or 2 (optionaUy substituted with from 1 to 7 halogen atoms), Ci-C4alkoxy 
(optionally substituted with from 1 to 7 halogen atoms), cyano, halogen, phenyl 
(optionaUy substituted with from 1 to 3 substituents each independently selected from 
halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted with from 1 to 3 
5 substituents each independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy) or 
-C02(Ci-C4aIkyl), or together with R3 forms a fiorther benzene ring (optionally 
substituted with from 1 to 3 substituents each independently selected from halogen, C\- 
C4alkyl and Ci-C4alkoxy); R3 is H, Ci-C4alkyl (optionally substituted with from 1 to 7 
halogen atoms), Ci-C4alkyl-S(0)x- wherein x is 0, 1 or 2 (optionally substituted with 
10 from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted wilii from 1 to 7 
halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 3 
substituents each independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), 
phenoxy (optionally substituted with from 1 to 3 substituents each independently selected 
from halogen, Ci-C4alkyl and Ci-Qalkoxy) or -C02(Ci-C4alkyl), or together with R2 
15 or R4 forms a further benzene ring (optionally substituted with from 1 to 3 substituents 
each independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy); R4 is H, Ci- 
C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci-C4alkyl-S(0)x- 
wherein x is 0, 1 or 2 (optionally substituted with from 1 to 7 halogen atoms), Ci- 
C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, halogen, phenyl 
20 (optionally substituted with from 1 to 3 substituents each independently selected from 
halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted with from 1 to 3 
substituents each mdependently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy) or 
-C02(Ci-C4alkyl), or together.wilh R3 forms a further benzene ring (optionally 
substituted with from 1 to 3 substituents each independently selected from halogen, Ci- 
25 C4alkyl and Ci-C4alkoxy); R5 is H, Ci-C4aUcyl (optionally substituted with from 1 to 7 
halogen atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms) or 
halogen; R6 is H, Ci-C4alkyl (optionally substituted with from 1 to 7 halogen atoms). 
Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms) or halogen; R7 is H 
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or Ci-C4alkyl; R8 is H or Ci-C4alkyl; R9 is H, halogen, hydroxy, cyano, Ci-C4alkyl or 
Ci-C4alkoxy; and RIO is H, halogen, hydroxy, cyano, Ci-C4alkyl or Ci-C4alkoxy; or a 
pharmaceutically acceptable salt thereof, with the proviso tibat the compound N-ethyl-N- 
benzyl-4-piperidinamine is excluded. 
5 With respect to compounds of formula (lA), the term "C2-Cioalkyr' means a 

monovalent unsubstituted saturated straight-chain or branched-chain hydrocarbon radical 
having from 2 to 10 carbon atoms. 

With respect to compounds of formula (lA), the term "C2-Cioalkenyr means a 

monovalent unsubstituted unsaturated straight-chain or branched-chain hydrocarbon 
10 radical having from 2 to 10 carbon atoms and containing at least one carbon-carbon 
double bond. 

With respect to compounds of foraiula (lA), the temi "Cs-CgcycloaUcyl" means a 
monovalent unsubstituted saturated cyclic hydrocarbon radical having from 3 to 8 carbon 
atoms. 

15 Wilh respect to compounds of formula (lA), the term "C4-Ciocycloalkylalkyr 

means a monovalent unsubstituted saturated cyclic hydrocarbon radical having from 3 to 
9 carbon atoms linked to the point of substitution by a divalent unsubstituted saturated 
straight-chain or branched-chain hydrocarbon radical having at least 1 carbon atom. 

With respect to compounds of formula (lA), the phrase 'Svherein one C-C bond 

20 within any cycloalkyl moiety is optionally substituted by an O-C or C=C bond" means 
that either (i) any two adjacent carbon atoms within a cycloalkyl ring may be linked by a 
double bond rather than a single bond (with the number of substituents on each carbon 
atom being reduced accordingly), or that (ii) one of any two adjacent C atoms within a 
cycloalkyl ring (and any substituents thereon) may be replaced by an oxygen atom. 

25 Examples of Rl groups encompassed by this phrase include but are not limited to: 




With respect to compoxmds of formula (lA), the term "halo'' or "halogen'' means 
F,C1, Br or I. 
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With respect to compounds of formula QA), the term "Ci-C4alkoxy" means a 
monovalent unsubstituted saturated straight-chain or branched-chain hydrocarbon radical 
having ftom 1 to 4 carbon atoms linked to the point of substitution by an O atom. 

With respect to compounds of formula (lA), the term "phCTioxy" means a 
5 monovalent unsubstituted phenyl radical linked to the point of substitution by an O atom. 

With respect to compounds of formula (lA), in the above definitions, sinodlar terms 
specifying different numbers of C atoms take an analogous meaning. 

Preferred compounds of formula (lA) are Ibose wherein n is 1 or 2. More 
preferably, n is 1. 

10 Preferred compounds of formula (lA) are those wherein R7 is H or methyl. More 

preferably R7 is H. 

Preferred compounds of formula (LA) are those wherein R8 is H. 
Preferred compounds of formula (lA) are those wherein R9 is H or fluoro. More 
preferably, R9 is H. 

1 5 Preferred compounds of formula (LA) are those wherein Rl 0 is H or fluoro. More 

preferably, RIO is H. 

Preferred compounds of formula (lA) are those whereui Rl is C2-C6al]syl, C2- . 

Csalkenyl, Cs-Cgcycloalkyl or C4-C7cycloalkylalkyl, each of which is optionally 
substituted with from 1 to 3 halogen atoms or a methoxy radical. More preferably, Rl is . 

20 C2-C6alkyl (optionally substituted with from 1 to 3 halogen atoms or a methoxy radical), 
C2-C6alkenyl, Ca-Cgcycloalkyl or C4-C7cycloalkylalkyL Suitable C2-C6a]kyl groups 
(optionally substituted with from 1 to 3 halogen atoms or a methoxy radical) include, for 
example, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl, 3-methylbutyl, 1,2- 
dunethylpropyl, 1-ethylpropyl, 3,3-dimethylbutyl, 2-ethylbutyl, 3,3,3-trifluoropropyl, 

25 4,4,4-trifluorobutyl and 2-methoxyefhyl. Suitable C2-C6alkenyl groups include, for 

example, 2-methyl-2-propenyL Suitable Cs-Cgcycloalkyl groups include, for example, 
cyclopentyl. Suitable C4-C7cycloalkylalkyl groups include, for example, 

cyclohexylmethyl or cyclopropyhnethyL 

Preferred compounds of formula (lA) are those wherein Rl is a C2-Cioall^l 
30 group optionally substituted with from 1 to 7 halogen substituents and/or with from 1 to 3 
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substitaents each independently selected firom hydroxy, cyano and Ci-C4alkoxy. More 
preferably, Rl is a C2-Cioalkyl group optionally substituted with jfrom 1 to 3 substitaents 
each independently selected from halogen^ hydroxy and Ci-C4aUcoxy. More preferably 
Rl is C2-C6alkyl optionally substituted with from 1 to 3 halogen atoms or a mefhoxy 
5 radical. Still more preferably Rl is C2-C6alkyl. Still more preferably, Rl is selected from 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl, 3-methylbutyl, 1,2-dimethylpropyl, 
1-ethylpropyl, 3,3-dimethylbutyl and 2-ethylbutyl. Most preferably Rl is selected from n- 
propyl, n-butyl and isobutyl. 

Preferred compounds of formula (lA) are those wherein R2 is H, Ci-C4alkyl 

10 (optionally substituted with from 1 to 7 halogen atoms), Ci-C4alkyl-S(0)x- wherein x is 
0 or 2 (optionally substituted with from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally 
substituted with from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally 
substituted with from 1 to 3 substituents each independently selected from halogen, Ci- 
C4alkyl and Ci-C4alkoxy) or phenoxy (optionally substituted with from 1 to 3 
15 substituents each independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), or 
together with R3 forms a fijrther benzene ring (optionally substituted with from 1 to 3 
substituents efech independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy). . 
More preferably, R2 is H, Ci-C2alkyl (optionally substituted Avith from 1 to 5 halogen 
atoms), Ci-C4alkyl-S(0)x" wherein x is 0 or 2 (optionally substituted with from 1 to 5 
20 halogen atoms), Ci-C2alkoxy (optionally substituted with from 1 to 5 halogen atoms), 
cyano, halogen, phenyl (optionally substituted with from 1 to 3 substituents each 
independently selected from halogen, Ci-C2alkyl and Ci-C2alkoxy) or phenoxy 
(optionally substituted witii from 1 to 3 substituents each independently selected from 
halogen, Ci-C2alkyl and Ci-C2alkoxy), or together with R3 forms a ftirther benzene ring 
25 (optionally substituted with from 1 to 3 substituents each independently selected from 
halogen, Ci-C2alkyl and Ci-C2alkoxy). Still more preferably, R2 is H, methyl, 
tiifluoromethyl, methylthio, tert-butylthio, trifluoromethylthio, mefliylsulfonyl, methoxy, 
elhoxy, difluoromethoxy, trifluoromethoxy, cyano, fluoro, chloro, bromo, phenyl or 
phenoxy, or together with R3 forms a ftorfher benzene ring. 
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Preferred compoxmds of formula (lA) are those wherein R2 is not H. More 
preferably, R2 is Ci-C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci- 

C4alkyl-S(0)x- wherein x is 0 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
5 halogen, phenyl (optionally substituted with from 1 to 3 substituents each independently 
selected from halogen, Ci-C4alkyl and Ci-C4alkoxy) or phenoxy (optionally substituted 

with from 1 to 3 substituents each independently selected from halogen, Ci-C4alkyl and 

Ci-C4alkoxy), or together with R3 forms a further benzene ring (optionally substituted 

with from 1 to 3 substituents each independently selected from halogen, Ci-C4alkyl and 

10 Ci-C4alkoxy). More preferably, R2 is Ci-C2alkyl (optionally substituted with from 1 to 

5 halogen atoms), Ci-C2alkyl-S(0)x- wherein x is 0 or 2 (optionally substituted with 

from 1 to 5 halogen atoms), Ci-C2alkoxy (optionally substituted with from 1 to 5 

halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 3 
substituents each independently selected from halogen, Ci-C2alkyl and Ci-C2alkoxy) or 

15 phenoxy (optionally substituted with from 1 to 3 substituents each independently selected 
from halogen, Ci-C2alkyl and Ci-C2alkoxy), or together with R3 forms a further 

benzene ring (optionally substituted witihi from 1 to 3 substituents each independently 
selected from halogen, Ci-C2alkyl and Ci-C2alkoxy), Still more preferably, R2 is 

methyl, trifluoromethyl, methylthio, tert-butylthio, trifluoromethylthio, methylsulfonyl, 
20 methoxy, ethoxy, difluoromethoxy, trifluoromethoxy, cyano, fluoro, chloro, bromo, 
phenyl or phenoxy, or together with R3 forms a ftirther benzene ring. 

Preferred compounds of formula (lA) are those wherein R3 is H, Ci-C4alkyl 

(optionally substituted with from 1 to 7 halogen atoms), Ci-C4alkyl-S- (optionally 

substituted with from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted with 

25 from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 
3 substituents each independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), 

phenoxy (optionally substituted with from 1 to 3 substituents each independently selected 
from halogen, Ci-C4alkyl and Ci-C4alkoxy) or -C02(Ci-C4alkyl), or together with R2 

or R4 forms a ftirther benzene ring (optionally substituted with from 1 to 3 substituents 
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each independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy). More 
preferably, R3 is H, Ci-C2alkyl (optionally substituted with from 1 to 5 halogen atoms), 
Ci-C2alkyl-S- (optionally substituted with from 1 to 5 halogen atoms), Ci-C2alkoxy 

(optionally substituted with from 1 to 5 halogen atoms)^ cyano, halogen, phenyl 
5 (optionally substituted with from 1 to 3 substituents each independently selected from 
halogen, Ci-C2alkyl and Ci-C2alkoxy), phenoxy (optionally substituted with from 1 to 3 
substituents each independently selected from halogen, Ci-C2alkyl and Ci-C2alkoxy) or 
-C02(Ci-C2alkyl), or together with R2 or R4 forms a fiirther benzene ring (optionally 
substituted with from 1 to 3 substituents each independently selected from halogen, Cj- 
10 C2alkyl and Ci-C2alkoxy). Still more preferably, R3 is H, methyl, trifluoromethyl, 

trifluoromethylthio, methoxy, ethoxy, difluoromethoxy, trifluoromethoxy, cyano, fluoro, 
chloro, bromo, phenyl, phenoxy or CO2CH3, or together with R2 or R4 forms a further 

benzene ring. 

Preferred compounds of formula (lA) are those wherein R4 is H, Ci-C4alkyl 
15 (optionally substituted with from 1 to 7 halogen atoms), Ci-C4alkyl-S- (optionally 

substituted with from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted with 
from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 
3 substituents each independently selected from halogen, Ci-C4a]kyl and Ci-C4alkoxy), 
or -C02(Ci-C4alkyl), or together with R3 forms a fijrther benzene ring (optionally 
20 substituted with from 1 to 3 substituents each independently selected from halogen, Cj- 
C4alkyl and Ci-C4alkoxy). More preferably, R4 is H, Ci-C2alkyl (optionally substituted 
with from 1 to 5 halogen atoms), Ci-C2alkyl-S- (optionally substituted with from 1 to 5 
halogen atoms), Ci-C2alkoxy (optionally substituted with from 1 to 5 halogen atoms), 
cyano, halogen, phenyl (optionally substituted with from 1 to 3 substituents each 
25 independently selected from halogen, Ci-C2alkyl and Ci-C2aIkoxy), or -C02(Ci- 

C2alkyl), or together with R3 forms a fiirther benzene ring (optionally substituted with 
from 1 to 3 substituents each independently selected from halogen, Ci-C2alkyl and Cj- 
C2alkoxy). Still more preferably, R4 is H, methyl, trifluoromethyl, methylthio, methoxy. 
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trifluoromethoxy, cyano, fluoro, chloro, phenyl or CO2CH3, or together with R3 forms a 

further benzene ring. 

Preferred compounds of formula (lA) are those wherein R5 is H, Ci-C4alkyl 

(optionally substituted with from 1 to 5 halogen atonw), Ci-C4alkoxy (optionaUy 
5 substituted with from 1 to 5 halogen atoms) or halogen. More preferably, R5 is H, Ci- 
C4alkyl, Ci-C4alkoxy or halogen. Still more preferably, R5 is H, methyl, methoxy, 
fluoro or chloro. 

Preferred compounds of formula (lA) are those wherein R6 is H, Ci-C4alkyl 
(optionally substituted wilh from 1 to 5 halogen atoms) or halogen. More preferjOjly. R6 
10 is H, Ci-C4alkyl or halogen. Still more preferably, R6 is H, methyl, fluoro or chloro. 
Preferred compounds of formula (lA) are those wherem the group 

R6 R5 

is phenyl, 2-methylphenyl, 2-(trifluoromethyl)phenyl, 2-(methyl1hio)phenyl, 2- 
(tertbutylthio)phenyl, 2-(trifluoromethylthio)phenyl, 2-(methylsulfonyl)phenyl. 2- 
15 methoxyphenyl, 2-ethoxyphenyl, 2-(difluoromethoxy)phenyl, 2- 

(trifluoromethoxy)phehyl, 2-cyanophenyl, 2-fluorophenyl, 2-chlorophenyl, 2- 
bromophenyl, 2-biphenyl, 2-phenoxyphenyl, S-methylphenyl, 3-(trifluoromethyl)phenyl, 
3-(trifluoromethylthio)phenyl, 3-methoxyphenyl, 3-ethoxyphenyl, 3- 
(difluoromethoxy)phenyl, 3-(trifluorome1hoxy)phenyl, 3-cyanophenyl, 3-fluorophenyl, 3- 
20 chlorophenyU 3-bromophenyl, 3-biphenyl, 3-phenoxyphenyl, 3- 

(methoxycarbonyl)phenyl, 4-methylphenyl, 4-(trifluoromethyl)phenyl, 4- 
(methylthio)phenyl, 4-methoxyphenyl, 4-(trifluoromethoxy)phenyl, 4-cyanophenyl, 4- 
fluorophenyl, 4-chlorophenyl, 4-biphenyl, 4-(mefhoxycarbonyl)phenyl. 2,3- 
dichlorophenyl, 2,4-dimethylphenyl, 2,4-bis(1rifluoromethyl)phenyl, 2.4- 
25 dimethoxyphenyl, 2,4-difluorophenyl, 2,4-dichlorophenyl, 2,5-dimethylphenyl, 2.6- 
dimethylphenyl, 2,6-dichlorophenyl, 2-chloro-6-fluorophenyl, 2-fluoro-6- 
(trifluoromethyDphenyl, 3.4-dichlorophenyl, 3,5-dimethylphenyl, 3,5-dimethoxyphenyl, 
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3,5-difluorophenyl, 3,5-dichlorophenyl, 3-fluoro-5-(trifluoromethyl)p]ienyl, 5-fluoro-2- 
(trifluoiomethylpheiiyl), 5-fluoro-2-me1iioxyphenyl, 4-fluoro-2-(trifluoromethyl)phenyl, 

1-naphfhyl or 2-iu^h.thyl. 

A further embodiment provides a group (Group A) of compounds of formula (JA) 

5 above, wherdn R2, R3, R4, R5 and R6 are all H. 

A further embodiment provides a group (Group B) of compounds of formula (lA) 
above, vdierein one of R2, R3, R4, R5 and R6 is not H and Ihe others are H. 

Compounds of Group B include those (Group B2) wherein R3, R4, R5 and R6 are 
all H and R2 is Ci-C4alkyl (optionaUy substituted with ftom 1 to 7 halogen atoms), Ci- 
10 C4alkyl-S(0)x- wherem x is 0,1 or 2 (optionally substituted from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, ph^yl (optionally substituted with froml to3 substituents each independently 
selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted 
with from 1 to 3 substituents each independently selected from halogen, Ci-C4alkyl and 
15 Ci-C4alkoxy) or -C02(Ci-C4alkyl). 

Compounds of Group B also include those (Group B3) wherein R2, R4, R5 and 
R6 are all H and R3 is Ci-C4alkyl (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkyl-S(0)x- wherein x is 0,1 or 2 (optionaUy substituted with from 1 to 7 
halogen atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), 
20 cyano, halogen, phenyl (optionally substituted with from 1 to 3 substituents each 
independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy 
(optionaUy substituted wife from 1 to 3 substituents each independently selected from 
halogen, Ci-C4alkyl and Ci-C4aUcoxy) or -C02(Ci-C4aU£yl). 

Compounds of Group B also include those (Group B4) wherem R2, R3, R5 and 
25 R6 are aU H and R4 is Ci-C4alkyl (optionaUy substituted with from 1 to 7 halogen 

atoms), Ci-C4alkyl-S(0)x- wherein x is 0,1 or 2 (optionaUy substituted with from 1 to 7 
halogen atoms), Ci-C4aUcoxy (optionaUy substituted with from 1 to 7 halogen atoms), 
cyano, halogen, phenyl (optionaUy substituted wilh from 1 to 3 substituents each 
independently selected from halogen, Ci-C4aB£yl and Ci-C4aUcoxy), phenoxy 
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(optionally substituted with from 1 to 3 substituents each independentiy selected from 
halogen, Ci-C4alkyl and Ci-C4alkoxy) or -CC)2(Ci-C4alkyl). 

A fiirther embodiment provides a group (Group C) of compounds of formula (JA) 
above, wherein two of R2, R3, R4, R5 and R6 are not H and the others are H. 
5 Compounds of Group C include those (Group C2,3) wherein R4, R5 and R6 are 

all H; R2 is Ci-C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci- 
C4allQ^l-S(P)x- wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted witii from 1 to 3 substituents each independently 
10 selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted 
with from 1 to 3 substituents each independently selected from halogen, Ci-C4alkyl and 
Ci-C4a]koxy) or -C02(Ci-C4alkyl), or together with R3 forms a further benzene ring 
(optionally substituted with from 1 to 3 substituents each independently selected from 
halogen, Ci-C4al]qrl and Ci-C4aJkoxy); andR3 is Ci-C4alkyl (optionaUy substituted 
15 with from 1 to 7 halogen atoms), Ci-C4alkyl-S(0)x- wherein x is 0,1 or 2 (optionally 
substituted with from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted witii 
from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 
3 substituents each independentiy selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), 
phenoxy (optionally substituted vdth from 1 to 3 substituents each independentiy selected 
20 from halogen, Ci-C4alkyl and Ci-C4alkoxy) or -C02(Ci-C4alkyl), or together wifli R2 
forms a ftirther benzene ring (optionally substituted with from 1 to 3 substituents each 
mdependentiy selected from halogen, Ci-C4alkyl and Ci-C4alkoxy). 

Compounds of Group C also include those (Group C2,4) wherein R3, R5 and R6 
are all H; R2 is Ci-C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci- 
25 C4alkyl-S(0)x- wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independentiy 
selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted 
witii from 1 to 3 substituents each independentiy selected from halogen, Ci-C4alkyl and 
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Ci-C4alkoxy) or -C02(Ci-C4alkyl); and R4 is Ci-C4alkyl (optionaUy substituted with 
fiom 1 to 7 halogen atoms), Ci-C4all£yl-S(0)x- wherein x is 0,1 or 2 (optionally 
substituted with from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted with 
from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally substituted with fiom 1 to 
5 3 substituents each independently selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), 
phenoxy (optionally substituted with from 1 to 3 substituents each independently selected 
from halogen, Ci-C4alkyl and Ci-C4alkoxy) or -C02(Ci-C4alkyl). 

Compounds of Groiq) C also include those (Grovip C2,5) wherein R3, R4 and R6 
are all H; R2 is Ci-C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci- 
10 C4a]kyl-S(0)x- wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independentiy 
selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted 
witii from 1 to 3 substituents each independentiy selected from halogen, Ci-C4alkyl and 
15 Ci-C4alkoxy) or -C02(Ci-C4alkyl); and R5 is Ci-C4alkyl (optionally substituted with 
from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 

halogen atoms) or halogen. 

Compounds of Group C also uxclude tiiose (Group C2,6) wheran R3, R4 and R5 
are all H; R2 is Ci-C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci^ 

20 C4alkyl-S(0)x- wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independentiy 
selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted 
with fixjm 1 to 3 substituents each independentiy selected from halogen, Ci-C4alkyl and 

25 Ci-C4alkoxy) or -C02(Ci-C4alkyl); and R6 is Ci-C4alkyl (optionally substituted witii 
from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 
halogen atoms) or halogen. 
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Compounds of Group C also include those (Group C3,4) wherein R2, R5 and R6 
are all H; R3 is Ci-C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci- 
C4alkyl-S(0)x- wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
5 halogen, phenyl (optionally substituted with from 1 to 3 substituents each independentiy 
selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted 
with from 1 to 3 substituents each independentiy selected from halogen, Cx-C4alkyl and 
Ci-C4alkoxy) or -C02(Ci-C4alkyl), or together with R4 fonns a fiirther benzene rii^ 
(optionally substituted with from 1 to 3 substituents each independentiy selected from 
10 halogen, Ci-C4alkyl and Ci-C4alkoxy); and R4 is Ci-C4alkyl (optionally substitiited 
with from 1 to 7 halogen atoms), Ci-C4alkyl-S(0)x- wherein x is 0,1 or 2 (optionally 
substituted with from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted witii 
from 1 to 7 halogen atoms), cyano, halogen, phenyl (optionally substituted with from 1 to 
3 substituents each independentiy selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), 
15 phenoxy (optionally substituted with from 1 to 3 substituents each independentiy selected 
from halogen, Ci-C4alkyl and Ci-C4a]koxy) or -C02(Ci-C4alkyl), or togetiier witii R3 
forms a fiirther benzene ring (optionally substituted with from 1 to 3 substituents each 
independentiy selected from halogen, Ci-C4alkyl and Ci-C4alkoxy). 

Compounds of Gtoiq) C also include those (Group C3,5) wherein R2, R4 and R6 
20 are all H; R3 is Ci-C4alkyl (optionally substituted with from 1 to 7 halogen atoms), Ci- 
C4alkyl-S(0)x- wherein x is 0,1 or 2 (optionally substituted with from 1 to 7 halogen 
atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 halogen atoms), cyano, 
halogen, phenyl (optionally substituted with from 1 to 3 substituents each independentiy 
selected from halogen, Ci-C4alkyl and Ci-C4alkoxy), phenoxy (optionally substituted 
25 with from 1 to 3 substituents each independentiy selected from halogen, Ci-C4alkyl and 
Ci-C4alkoxy) or -C02(Ci-C4alkyl); and R5 is Ci-C4alkyl (optionally substituted witii 
from 1 to 7 halogen atoms), Ci-C4alkoxy (optionally substituted with from 1 to 7 
halogen atoms) or halogen. 
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For compounds of Formula (lA) falling within any one of groups A, B, B2, B3, 
B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, n is preferably 1 or 2, 
more preferably 1. 

For compounds of Formiila (lA) falling within any one of groups A, B, B2, B3, 
5 B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, R7 is preferably H or 
methyl, more preferably H. 

For compounds of Formula (lA) falling within any one of groups A, B, B2, B3, 
B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, R8 is preferably H. 

For compounds of Formula (lA) falling within any one of groups A, B, B2, B3, 
10 B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, R9 is preferably H or 
fluoro, more preferably H. 

For compounds of Formula (lA) falling within any one of groups A, B, B2, B3, 
B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, RIO is preferably H or 
fluoro, more preferably H. 
15 For compounds of Formula (lA) felling within any one of groups A, B, B2, B3, 

B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, Rl is preferably a C2- 
Cioaliyl groiq) optionally substituted with fi»m 1 to 7 halogen substituents and/or with 
from 1 to 3 substituents each independently selected from hydroxy, cyano and Ci- 
C4alkoxy. 

20 For compounds of Formula (lA) feUing within any one of groups A, B, B2, B3, 

B4, C, C2,3, C2,4, C2,5, C2,6, C3,4 and C3,5 described above, n is preferably 1, R7, R8, 
R9 and RIO are preferably H and Rl is preferably a C2-Cioalkyl group optionally 
substituted with from 1 to 7 halogen substituents and/or with from 1 to 3 substituents each 
independently selected from hydroxy, cyano and Ci-C4aIkoxy. 

25 5. A compound of formula (IB) 




Rz Rx Rz 
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(IB) 

vydierein Rx is H; Ry is H or C1-C4 alkyl; each Rz is independently H or C1-C4 alkyl; X 
represents O; Y represents OH or OR; R is C1-C4 alkyl; Arj is a phenyl ring or a 5- or 6- 
membered heteroaryl ring each of which may be substituted with 1, 2, 3, 4 or 5 
5 substituents (depending upon the number of available substitution positions) each 
independently selected from Cl-C/^ alkyl, 0(Ci-C4 alkyl), S(Ci-C4 alkyl), halo, 

hydroxy, pyridyl, thiophenyl and phenyl optionally substituted with 1, 2, 3, 4 or 5 
substituents each independently selected from halo, C1-C4 alkyl, or 0(Ci-C4 alkyl); and 

Ax2 is a phenyl ring or a 5- or 6-membered heteroaryl ring each of which may be 
10 substituted with 1, 2, 3, 4 or 5 substituents (depending upon the number of available 
substitution positions) each independently selected from C1-C4 alkyl, 0(Ci-C4 alkyl) 

and halo; wherein each above-mentioned Ci-C^ alkyl group is optionally substituted with 

one or more halo atoms; or a pharmaceutically acceptable salt thereof. 

Preferred compounds of formula (IB) above are those wherein Ar\ is phenyl, 

15 pyridyl, pyrimidyl, thiazolyl, isotinazolyl, oxazolyl, isoxazolyl, thiophenyl, fiiranyl, 

imidazolyl, tdazolyl, oxadiazolyl or thiadiazolyl, each of which may be substituted with 
1, 2, 3, 4 or 5 substituents (depending upon the number of available substitution 
positions) each independentiy selected from C1-C4 alkyl, 0(Ci-C4 alkyl), S(Ci-C4 
alkyl), halo, hydroxy, pyridyl, thiophenyl and phenyl optionally substituted with 1, 2, 3, 4 

20 or 5 substituents each kidependentiy selected from halo, C1-C4 alkyl, or 0(Ci-C4 alkyl); 

and Ax2 is phenyl, pyridyl, pyrimidyl, thiazolyl, isofhiazolyl, oxazolyl, isoxazolyl, 
thiophenyl, ftiranyl, irmdazolyl or triazolyl each of which may be substituted with 1, 2, 3, 
4 or S substituents (depending upon the number of available substitution positions) each 
independentiy selected from C1-C4 alkyl, 0(Ci-C4 alkyl) and halo; wherein each above- 
25 mentioned C1-C4 alkyl group is optionally substituted with one or more halo atoms. 

For the compounds of formula (IB) above, it is preferred tiiat Ari is a phenyl ring 
or a 5- or 6-membered heteroaryl ring substituted with 1, 2, 3, 4 or 5 substituents, more 
preferably with 1 or 2 substituents. 
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For the compounds of formula (IB) above, when An is a substituted phenyl ring or 
a substituted 5- or 6-membered heteioaryl ring, it is preferred that not more than one of 
Ihose substituents is a pyridyl, thiophenyl or optionally substituted phenyl group. 

Preferred compounds of formula (IB) above are those wherein M includes a 
5 substituent attached at the 2-position. That is, the substituent is attached to the atom 
adjacent to that which forms the point of attachment of M to the methylene group 
connecting Ati to the rest of the molecule. For example, when An is phenyl, it is 
preferably ortho-substituted. 

Further preferred compounds of formula (IB) above are those wherein Rx is H; Ry 
10 is H or CrC4alkyl; each Rz is independently H or Ci-C4alkyl;X represents O; 
Y represents OH or OR; R is C1-C4 alkyl; and Ari and Ar2 are each independently 
selected ftom the group consisting of phenyl, and substituted phenyl; and 
phaimaceutically acceptable salts fliereof. hi this further preferred embodiment, the group 
Ari may be substituted or unsubstituted phenyl. For example. An may be unsubstituted 
15 phenyl or, preferably phenyl substituted with 1, 2, 3, 4 or 5 substituents, preferably with 1 
or 2, for example 1, substituent. When disubstituted, the substituted phenyl group is 
preferably substituted at the 2- and 5- positions. When monosubstituted, the substituted 
phenyl group is preferably substituted in the 2- position. Suitable substituents include 
C1-C4 alkyl, 0(Ci-C4 alkyl), S(Ci-C4 alkyl), halo, and phenyl, optionaUy substituted 
20 with, for example, halo, C1-C4 alkyl. or 0(Ci-C4 alkyl). In this forther preferred 

embodinient, the group Arz may be substituted or unsubstituted phenyl. For example. An 
may be phenyl substituted wiflx 1, 2, 3, 4 or 5 substituents, preferably with 1 substituent. 
Suitable substituents include C1-C4 alkyl, 0(Ci-C4 alkyl), and especially, halo. 

"C1-C4 alkyl" as used in respect of compounds of formula (IB) mcludes straight 
25 and branched chain alkyl groups of 1, 2, 3 or 4 carbon atoms, and may be unsubstituted or 
substituted. C1-C2 alkyl groups are preferred. Suitable substituents include halo, 
especially CI and/or F. Thus the term «Ci-C4 alkyl" includes haloalkyl. A particularly 
preferred substituted C1-C4 alkyl group is trifluoromelhyl. SimUar terms defining 
dijtferent numbers of C atoms (e.g. «Ci-C3 alkyl") take an analogous meaning. When Ry 
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is C1-C4 alkyl it is preferably unsubstituted. When Rz is C1-C4 aUcyl it is preferably 
unsubstituted. When R is C1-C4 alkyl it is preferably unsubstituted. 

"S-membered heteroaryl ring" as used in respect of compounds of formula (IB) 
means a 5-membered aromatic ring including at least one heteroatom independently 
5 selected from N, O and S. Preferably there are not more than three heteroatoms in total m 
the ring. More preferably there qre not more than two heteroatoms in total in the ring. 
More preferably there is not more than one heteroatom in total m the ring. The term 
includes, for example, the groups thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, thiophenyl, 
fiiranyl, pyrrolyl, imidazolyl, triazolyl, oxadiazolyl and thiadiazolyl. 
10 "6-membered heteroaryl ring" as used in respect of compounds of formula (IB) 

means a 6-membered aromatic ring including at least one heteroatom independently 
selected from N, O and S. Preferably there are not more than three heteroatoms in total in 
the ring. More preferably there are not more than two heteroatoms in total in the ring. 
More preferably there is not more than one heteroatom in total hi the ring. The temi 
1 5 includes, for example, the groups pyridyl, pyrimidyl, pyrazinyl, pyridazmyl and triazmyl. 

"Halo" as used in respect of compounds of formula (SB) includes F, CI, Br and I, 
and is preferably F or CI. 

"Pyridyl" as used in respect of compounds of formula (IB) includes 2-pyridyl, 3- 

pyridyl and 4-pyridyl, 
20 "Pyrimidyl" as used in respect of compounds of formvila (IB) includes 2- 

pyrimidyl, 4-pyrimidyl and 5-pyrimidyL 

"Pyridazinyl" as used in respect of compounds of formula (IB) mcludes 3- 
pyridazinyl and 4-pyridazinyl. 

"Pyrazinyl" as used in respect of compounds of formula (IB) includes 2-pyrazinyl 

25 and 3-pyrazinyl. 

"Triazinyl" as used in respect of compoimds of formula (IB) includes 2-(l,3,5- 
triazinyl), 3-, 5- and 6-(l,2,4-triazinyl) and 4r and 5-(l,2,3-triazinyl). 

"Thiazolyl" as used in respect of compounds of formula (IB) includes 2-thiazolyl, 
4-thiazolyl and 5-thiazolyl. 
30 "Isothiazolyl" as used in respect of compounds of formula (IB) includes 3- 

isothiazolyl, 4-isothiazolyl, and 5-isothiazolyL 
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"OxazolyF' as used in respect of compounds of formula (IB) includes 2-oxazolyl, 
4-oxazolyl and 5-oxazolyl. 

"Isoxazolyl" as used in resfpect of compounds of formula (IB) includes 3- 
isoxazolyl, 4-isoxazolyl, and 5-isoxazolyl. 
5 "Thiophenyl" as used in respect of compounds of formula (IB) includes 2- 

thiophenyl and 3-thiophenyL 

"Furanyl" as used in respect of compounds of formula (IB) includes 2-furanyl and 

3- furanyL 

'Tyrrolyl" as used in respect of compounds of formula (IB) includes 2-pyrrolyl 
10 and3-pyrrolyL 

"Imidazolyl" as used in respect of compounds of formula (IB) includes 2- 

imidazolyl and 4-imidazolyl. 

"Triazolyl" as used in respect of compounds of formula (IB) includes 1-triazolyl, 

4- tria2X)lyl and 5-triazolyL 

1 5 "Oxadiazolyr as used in respect of compounds of formula (IB) includes 4- and 5- 

(1,2,3-oxadiazolyl), 3- and 5-(l,2,4-oxadiazolyl), 3-(l,2,5-oxadiazolyl), 2-(l,3,4- 
oxadiazolyl). 

"Thiadiazolyl" as used in respect of compounds of formula (IB) includes 4- and 5- 
(1,2,3-thiadiazolyl), 3- and 5-(l,2,4-thiadiazolyl), 3-(l,2,5-thiadiazolyl), 2.(1,3,4- 

20 thiadiazolyl). 

For the compounds of formula (IB) above, Ry is preferably H or Me. More 

preferably Ry is H. 

For the compounds of formula (IB) above, each Rz is preferably H or Me with 0, 
1, 2 or 3 of Rz being Me. More preferably only 1 Rz is Me. Most preferably all Rz are H. 
25 For the compounds of formula (IB) above, Y is preferably OH or OMe. More 

preferably, Y is OH. 

For the compounds of formula (IB) above, it is prefeired that Ry and all Rz are H 
and Y is OH. 

For the compounds of formula (EB) above, the preferred stereochemistry is shown 

30 below: 
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Ar, 



Rz 
Rz 




, Y 



Rz Rx Rz 



A preferred group of compounds of formula (IB) is represented by the formula 



(HB) 




5 am) 

wherdn Ri and R2 are each independently selected fix)m H, C1-C4 alkyl, 0(Ci-C4 

alkyl), S(Ci-C4 alkyl), halo and phenyl; and R3 is selected from H, C1-C4 alkyl and 

halo; and pharmaceutically acceptable salts thereof. 

For the compounds of formula (IB) or (IIB) above, is preferably C1-C3 alkyl 

10 (especially trifluoromethyl), 0(Ci-C3 alkyl) (especially methoxy or trifluoromethoxy), F 

or phenyl (Ph). R2 is preferably H. R2 is also preferably F. R3 is preferably H. 

Especially preferred compounds of formula (IB) are l-morpholin-2-yl-l-phenyl-2- 
(2-trifluoromethoxy-phenyl)-ethanoland2-(5-fluoro-2-methoxy-phenyl)-l-morpholin-2- 
yl-l-phenyl-ethanol. For both of these compounds the (S,R) stereoisomer is preferred. For 
1 5 both of these compounds the preferred salt form is the hydrochloride salt. 
6. A compound of formula (IC) 
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R1 



(IC) 

wherein: A is S or O; R is H; Ar is a phenyl group optionally substituted with 1, 2, 3, 4 or 
5 substituents each independentiy selected from C1-C4 alkyl, 0(Ci-C4 alkyl), S(Ci-C4 

5 alkyl), halo, hydroxy, C02(Ci-C4 alkyl), pyridyl, thiophenyl and phenyl optionally 

substituted with 1, 2, 3, 4 or 5 substituents each independentiy selected from halo, C1-C4 
alkyl, or 0(Ci-C4 aUcyl); X is a phenyl group optionally substituted with 1, 2, 3, 4 or 5 
substituents each independentiy selected from halo, C1-C4 alkyl, or 0(Ci-C4 alkyl); a 
C1-C4 alkyl group; a C3-C6 cycloalkyl group or a CH2(C3-C6 cycloalkyl) group; R' is H 

10 or C1-C4 alkyl; each is independentiy H or C1-C4 alkyl; wherein each above- 
mentioned C1-C4 alkyl group is optionally substituted with one or more halo atoms; or a 
pharmaceutically acceptable salt thereof; with tiie proviso that, when A is O, X is a Ci- 
C4 alkyl group, a C3-C6 cycloalkyl group or a CHzCCs-Cs cycloalkyl) group. 
For the compounds of formula (IC) above, it is preferred that A is S. 

1 5 For the compovinds of formula (IC) above, it is preferred that Ar is phenyl 

substituted with 1, 2, 3, 4 or 5 substituents, more preferably witii 1 or 2 substituents. 
When Ar is a substituted phenyl, it is preferred that not more tiian one of those 
substituents is a pyridyl, tiiiophenyl or optionally substituted phenyl group. 

Preferred compounds of formula (IC) above are those v(*ierein Ar is ortho- 

20 substituted. 

Further preferred compounds of formula (JC) above are those of formtda (ICa) 
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R1 




R1 R R1 

aca) 

wherein: R is H; Ar is a phenyl group; X is a phenyl group; R' is H or C1-C4 alkyl; each 
R* is independently H or C1-C4 alkyl; and phannaceuticaUy acceptable salts thereof. For 

5 these further preferred compounds, the group Ar may be substituted or unsubstituted 
phenyl. For example, Ar may be unsubstituted phenyl or, preferably phenyl substituted 
with 1, 2, 3, 4 or 5 substituents, preferably with 1 or 2, for example 1, substituent. When 
disubstituted, the substituted phenyl group is preferably substituted at the 2- and 5- 
positions When monosubstituted, the substituted phenyl group is preferably substituted in 

10 the 2- position. Suitable substituents include C1-C4 alkyl, 0(Ci-C4 alkyl), S(Ci-C4 
alkyl), halo, and phenyl optionally substituted with, for example, halo, C1-C4 alkyl, or 
0(Ci-C4 alkyl). For these fiirther preferred compounds, the group X may be substituted 
or unsubstituted phenyl. For example, X may be phenyl substituted with 1, 2, 3, 4 or 5 
substituents, preferably with 1 substituent. Suitable substituents include C1-C4 alkyl, 

15 0(Ci-C4 alkyl), and halo. 

"C1-C4 alkyl" as used in respect of compounds of formula (IQ includes straight 
and branched chain alkyl groups of 1, 2, 3 or 4 carbon atoms, and may be unsubstituted or 
substituted. C1-C2 alkyl groups are preferred. Suitable substituents include halo. Thus 
the term "C1-C4 allq^l" includes haloalkyl. Sunilar terms defining different numbers of C 
20 atoms (e.g. "C1-C3 alkyl") take an analogous meaning. When R' is C1-C4 alkyl it is 
preferably unsubstituted. When R' is C1-C4 alkyl it is preferably unsubstituted. 

"C3-C6 cycloaUcyl" as used in respect of compounds of formula QC) includes 
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. 
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"Halo" as used in respect of compounds of formula (IC) includes F, CI, Br and 1, 

and is preferably F or Q. 

"Pyridyl" as used in respect of compounds of formula (IC) includes 2-pyridyl, 3- 

pyridyl and 4-pyTidyl. 

"Thiophenyl" as used in respect of compounds of formula (IC) includes 2- 

thiophenyl and 3-thiophenyl. 

For the compounds of formula (IC) above, R' is preferably H or Me. More 

preferably R' isH. 

For the compounds of formula (IC) above, each R^ is preferably H or Me with 0, 
1, 2 or 3 of being Me. More preferably only 1 R^ is Me. Most preferably aU R' are H. 
For the compounds of formula (IC) above, it is preferred that R' and all R^ are H. 
A particularly preferred substituted C1-C4 alkyl group for the group Ar is 

trifluoromethyl. 

A preferred group of compounds of formula QO is represented by the formula 

15 (nC); 



10 




(nc) 

wherein R2 and R3 are each independently selected from H, C1-C4 alkyl, 0(Ci-C4 
alkyl), S(Ci-C4 alkyl), halo and phenyl; and R4 is selected from H and C1-C4 alkyl; and 
20 pharmaceuticaUy acceptable salts thereof. R2 is preferably C1-C3 alkyl (especially 

trifluoromethyl), 0(Ci-C3 alkyl) (espedaUy methoxy or trifluoromethoxy), F or Ph. R3 is 
preferably H. R3 is also prefaably F. R4 is preferably H. 
7. A compound of formula (ID) 
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"•-OCX J 



Ar 

(ID) 

wherein -X- is -CCR'^R^)-, -O- or -S-; n is 2 or 3; R4s H or C1-C4 alkyl; is H, halo, Ci- 
C4 alkyl, 0(Ci-C4 alkyl), nitrile, phenyl or substituted phenyl; R* and R^ are each 
independently selected from H or C1-C4 alkyl; Ar- is selected from the group consiisting 
of 











R^" 






in which R^ is H, halo, methyl or ethyl; R^" is H, halo or methyl; R^'' is H, halo, methyl, 
frifluoromethyl, nitrile, or methoxy; R^ is H, halo, methyl or ethyl; R^' is H, halo, 

10 methyl, trifluoromefhyl, nitrile, or methoxy; R^^ is H, or fluoro; -Y- is -0-, -S- or -N(R^- 
; and R* is H or methyl and phannaceutically acceptable salts thereof. 

The term "01-04 aUcyl" as used in respect of compounds of formula (TD) 
includes straight and branched chain alkyl groups of 1, 2, 3 or 4 carbon atoms. Thus the 
term "C1-C4 alkyl" includes methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec- 

15 butyl and tert-butyl. C1-C2 alkyl groups are preferred. A particularly preferred C1-C4 

alkyl group is methyl or ethyl. 

The term "halo" as used in respect of compounds of formula (ID) includes F, CI, 
Br and I, and is preferably F or CI. 

The term "substituted phenyl" as used m respect of compounds of formula (CD) 
20 means phenyl substituted with 1 , 2, 3, 4 or 5 substituents, preferably with 1 or 2, for 

example 1, substituent. Suitable substituents include C1-C4 alkyl, 0(Ci-C4 alkyl), S(Ci- 
C4 aUq^l), halo, and phenyl optionally substituted with, for example, C1-C4 a3kyl, 0(Ci- 
C4 alkyl), S(Ci-C4 alkyl), or halo. 
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-nie tenns "0(Ci-C4 alkyl)" or "S(Ci-C4 alkyl)" as used in respect of compounds 
of formula QD) mean a C1-C4 alkyl group as defined above linked to the point of 
substitution via an oxygen or a sulphur atom. An 0(Ci-C4 alkyl) or S(Ci-C4 alkyl) 
group includes for example methoxy, ethoxy, thdomethyl or Ihioethyl. 

Preferred compounds of formula (ID) are represented by the formula (IDa) 



Ar 

(IDa) 

wherein -X-, n, R\ and Ar have the values as defined for formula (ID) above. 

Compounds of formula (ED) or (IDa) wherein -X- is -C(R^')- are preferred. 
Even more preferred are compounds of formula (ID) or (IDa) wherein -X- is-C(R'*R^)- 
and and are both H or and R^ are both the same C1-C4 alkyl. 

Compounds of formula (ID) or (IDa) wherein Ar is (i) are also preferred. 
Preferably Ar is (i) and R^ is H. Even more preferred are compounds of formula (ID) 01 
(IDa) wherein At is (i), R^ is H, and (a) R^ is H or methyl, R^" is H and R^ is H or (b) 

r2* is H, R^" is halo, preferably fluoro or chloro and R^ is H or fluoro. 

Another group of preferred compounds of formula (ID) or (IDa) are compounds 
wherein Ar is (ii) and -Y- is -S-. More preferably Ar is 2-thiophenyl or 3-thiophenyl. 

A further preferred group of compounds of formula (ID) is represented by the 
formula (HD) 





,2a 



.2b 



H 



(ITO) 
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2a 



wherein n is 2 or 3; is H or C1-C4 alkyl; is H, halo, phenyl or substituted phenyl; R 
is H, halo, methyl or ethyl; R^** is H, halo or methyl; and pharmaceutically acceptable 
salts thereof. 

Preferred compovinds of formulae (ID), ODa) and (HD) are those wherein n is 3, or 
wherein R* is H, methyl, ethyl or n-propyl, or wherein R^ is H or halo. 
8. A compoimd of formula (IE) 




(EE) 

wherein R^ is Ci-Cs alkyl (optionally substituted wiA 1, 2 or 3 halo substituents and/or 
10 vvilh 1 substituent selected from -S-(Ci-C3 alkyl), -0-(Ci-C3 alkyl) (optionally substituted 
with 1, 2 or 3 F atoms), -O-QOs-Ce cycloalkyl), -S02-(Ci-C3 alkyl), -CN, .COO-(CrC2 
alkyl) and -OH); C2-C6 alkenyl; -(CH2)q-Ar2; or a group of formula (i) or (ii) 

CO Cli) 



Y 



5 6 7 

15 R^ R^ and R"* are each independently selected from hydrogen or C1-C2 alkyl; R , R , R 
and R* are at each occurrence independently selected from hydrogen or C1-C2 alkyl; -X- 
is a bond, -CH2-, -CH=CH-, -0-, -S-, or -SO2-; -Y- is a bond, -CH2- or -0-; -Z is 
hydrogen, -OH or -0-(Ci-C3 alkyl); p is 0, 1 or 2; q is 0, 1 or 2; r is 0 or 1 ; s is 0, 1 , 2 or 
3; t is 0, 1, 2 or 3; M is phenyl, pyridyl, thiazolyl, benzolhiophenyl or naphthyl; wherem 

20 said phenyl, pyridyl or thiazolyl group may be substituted with 1, 2 or 3 substituents each 
independently selected from halo, cyano, C1-C4 alkyl (optionally substituted with 1, 2 or 3 
F atoms), -0-(Ci-C4 alkyl) (optionaUy substituted with 1, 2 or 3 F atoms) and -S-(Ci-C4 
alkyl) (optionally substituted with 1, 2 or 3 F atoms) and/or with 1 substituent selected 
from pyridyl, pyrazole, phenyl (optionally substituted with 1, 2 or 3 halo substituents) and 

25 phenoxy (optionally substituted with 1, 2 or 3 halo substituents); and wherein said 
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ben2X)thiophenyl or naphthyl group may be optionally substituted with 1, 2 or 3 
substitueiits each independeatiy selected from halo, cyano, C1-C4 alkyl (optionally 
substituted with 1, 2 or 3 F atoms), -0-(Ci-C4 alkyl) (optionally substituted with 1, 2 or 3 
F atoms), and -S-(Ci-C4 alkyl) (optionally substituted witii 1, 2 or 3 F atoms); M is 
5 naphthyl, pyridyl, thiazolyl, fiiryl, thiophenyl, benzothiophenyl, or phenyl, wherein said 
naphthyl, pyridyl, tMazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl may be 
substituted with 1, 2 or 3 substituents each independentiy selected from halo, C1-C4 alkyl 
(optionally substituted with 1, 2 or 3 F atoms) and -0-(Ci-C4 alkyl) (optionally 
substituted with 1, 2 or 3 F atoms); and pharmaceutically acceptable salts thereof; 
10 provided that (a) the cyclic portion of the group of formula (i) must contain at least three 
carbon atoms and not more than seven ring atoms; (b) when -X- is -CH=CH-, then the 
cyclic portion of the group of formula (i) must contain at least five carbon atoms; and (c) 
when -Z is -OH or -0-(Ci-C3 alkyl), tiien -X- is -CH2-; (d) when -Y- is -O- tiien p 
cannot be 0; and (e) liie compound 3-[(phenyhnetiiyl)-(3S)-3-pyrrolidinylamino]- 
15 propanenitrile is excluded. 

With respect to formula (IE) the term "C1-C6 alkyl" means a monovalent 

unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
1 to 6 carbon atoms. 

With respect to formula (EE) the tain "Cjt-Cg alkenyl" means a monovalent 

20 unsubstituted unsaturated straight-chain or branched-chain hydrocarbon radical having 
from 2 to 6 carbon atoms and containing at least one carbon-carbon double bond. 

With respect to formula (JE) the term "C3-C6 cycloalkyl" means a monovalent 
unsubstituted saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms. 
With respect to fonnula (IE) the term "C1-C6 alkylene" means a divalent 
25 unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
1 to 6 carbon atoms. 

With respect to fonnula (IE) the term "halo" or "halogen" means F, CI, Br or I. 
With respect to formula (JE) the term "C1-C4 difluoroalkyl" means a monovalent 
unsubstituted s^urated straight-chain or branched-chain hydrocarbon radical having from 
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1 to 4 carbon atoms wherein two hydrogen atoms are substituted with two fluoro atoms. 
Preferably the two fluoro atoms are attached to the same carbon atom. 

With respect to formula (IE) the term "C1-C4 trifluoroalkyr means a monovalent 
unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
5 1 to 4 carbon atoms wherein three hydrogen atoms are substituted with three fluoro 
atoms. Preferably the three fluoro atoms are attached to the same carbon atom. 

With respect to formula (DB) the term ''phenoxy'' means a monovalent 
unsubstituted phenyl radical linked to the point of substitution by an O atom. 

With respect to formula (IE) the term "pyridyl" includes 2-pyridyl, 3-pyridyl and 
10 4-pyridyl. 

With respect to formula (IE) the term "furyF includes 2-furyl and 3-furyL 2-furyl 
is preferred. 

With respect to formula (IE) the term "ihiophenyr includes 2-thiophenyl and 3- 
thiophenyl. 

1 5 With respect to formula (IE) the temi 'thiazolyr includes 2-thiazolyl, 4-thiazolyl 

and 5-thiazolyL 

With respect to formula (GE) the term '^yrazole" includes l-pyrazx)le, 3-pyrazole 
and 4-pyrazole. 1-pyrazole is preferred. 

With respect to formula (IE) the term "benzothiophenyl" includes 2- 
20 benzo[b]thiophenyl, 3-benzo[b]thiophenyl, 4-benzo[b]thiophenyl, 5-benzo[b]thiophenyl, 
6-benzo[b]thiophenyl and 7-ben2:o[b]thiophenyl. 

With respect to formula (IE) the term "naphthyP' includes 1-naphthyl, and 2- 
naphthyl. 1-naphthyl is preferred. 

With respect to formula (IE), sindlar terms specifying different numbers of C 
25 atoms take an analogous meaning. For example the terms "C1-C4 alkyl" and "C1-C3 
alkyr mean a monovalent unsubstituted saturated straight-chain or branched-chain 
hydrocarbon radical havmg from 1 to 4 and 1 to 3 carbon atoms respectively. The term 
"C1-C4 alkyr includes methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, 
and tert-butyl. The term "C1-C3 alkyP' includes methyl, ethyl, n-propyl and iso-propyl. 
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With respect to formula (IE) it will be appreciated that when s is 2 or S, then each 
r5 and/or each can be different In the same way when t is 2 or 3 , then each R' and/or 

each R* can be different. 

Preferred compounds of formula (EE) are those wherein R^ is Ci-Ce alkyl, C2-C6 
alkenyl, -(CH2)«-CF3, -(CH2)„-S.(Ci-C3 alkyl). -CH2-COO-(Ci-C2 alkyl), -(C-Cs 
alkylene>0-(Ci-C3 alkyl), -(C1-C5 alkylene)-0-(C3-C6 cycloalkyl), -(C1-C5 alkylene)- 
S02-(Ci-C3 alkyl), -(C1-C5 alkylene)-OCF3, -(Ci-Ce alkylene)-OH. -(C1-C5 alkylene)-CN, 
-(CH2)q-Ar2 or a group of formula (ia), (ib) or (ii) 

> — (CR^R*) 



■Y 



(ia) (ib) (") 

R^ R^ R'' R^ R^, R', R^ -X-, -Y-, p, q, r and s have the values defined above; m is 1, 2 
or 3; n is 1, 2 or 3; t is 2, 3 or 4; -An is phenyl, pyridyl, thiazolyl or naphthyl; wherein 
said phenyl, pyridyl or thiazolyl group may be substituted with 1, 2 or 3 substituents each 
15 independently selected fi-om halo, trifluoromethyl, cyano, C1-C4 alkyl, -0-(Ci-C4 alkyl), - 
0-(Ci-C4 difluoroalkyl), -0-(Ci-C4 trifluoroalkyl), -S-(Ci-C4 alkyl), -S-(Ci-C2 
IriflTMMroalkyl) and/or with 1 substituent selected from pyridyl, pyrazole. phenyl 
(optionally substituted with 1, 2 or 3 halo substituents) and phenoxy (optionaUy 
substituted with 1, 2 or 3 halo substituents); and wherein said naphthyl group may be 
20 optionaUy substituted with 1,2 or 3 substituents each independently selected from halo, 
trifluoromethyl, cyano, C1-C4 alkyl, -0-(CrC4 alkyl). -0-(C,-C4 difluoroalkyl), -0-(Cr 
C4 trifluoroalkyl), -S-(Ci-C4 alkyl), -S-(Cr C2 trifluoroalkyl); Axj is naphthyl. pyridyl, 
thiazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl, wherein said naphthyl, pyridyl, 
thiazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl may be substituted with 1, 2 or 3 
25 substituents each mdependenfly selected from halo, C1-C4 alkyl, trifluoromethyl and -O- 
(C1-C4 alkyl); and pharmaceutically acceptable salts thereof. 
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Preferred compounds of formula (IE) are tiiose wherein is hydrogen. In another 
prefCTied embodiment and R'* are hydrogen. More preferably R^, R^ and R* are 
hydrogeiL 

Preferred compounds of formula (DE) are those wherein each R^ and R^ is 
5 hydrogen. In another preferred embodiment each R' and R* is hydrogen. More preferably 
R^ R*, R' and R* are hydrogen. 

Preferred compounds of formula (TE) are those wherein R* is Ci-Ce alkyl. More 
preferably R^ is n-propyl, 1-methylethyl, 2-methylpropyl, 3,3-dimethylpropyl. 

Preferred compounds of formula (IE) are those wherein R^ is -(C4-CS alkylene)- 
10 OH. More preferably R^ is 2,2-dimethyl-2-hydroxyethyl or 3,3-dimethyl-3- 
hydroxypropyl. 

Preferred compounds of formula (IE) are those wherein R' is a group of formula 
(1) and each R^ and R^ is hydrogen. More preferably each R^ R^ R"' and R* is hydrogen. 
Preferred compounds of formula (IE) are those wherein R^ is a group of formxila 
15 Cii) ^ each R' and R* is hydrogen. More preferably each R^ R^ R' and R* is hydrogen. 

Preferred compounds of formula ODE) are those wherean R^ is a group of formula 
(i), r is 0, s is 2, t is 2, -Z is hydrogen and -X- is -0-, ^- or -SO2-. More preferably R^ is 
a group of formula (i), r is 0, s is 2, t is 1 or 2, -Z is hydrogen and -X- is -0-. 

Preferred compounds of formula (JE) are those wherdn R^ is a groi^ of formula 
20 (i), r is 0, s is 1, 2 or 3, t is 1, -Z is hydrogen and -X- is -CH2-. 

■ Preferred compounds of formula (IE) are those wherein R^ is a group of formula 
(i), r is 1, s is 0, 1, 2 or 3, t is 1 , -Z is hydrogen and -X- is -CH2-. 

Preferred compounds of formula (IE) are those wherein R^ is a group of the 
formula (ia). More preferably R^ is a group of the formula (ia) and each R^ R^, R'and R^ 
25 is hydrogen. 

Preferred compounds of formula (IE) are those wherein R^ is a group of the 
formula (ib). More preferably R' is a group of the formula (ib), r is 1, t is 3, and each 
R'and R* is hydrogen. 

Preferred compounds of formula (BE) are those wherein R^ is -(CH2)m-CF3. More 

30 preferably R* is -(CH2)m-CF3 and m is 1, 2, or 3. 
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Preferred compounds of formula (IE) are those wherein is -(CHaVS-CCi-Ca 
alkyl). More preferably is -(CH2)3-S-CH3. 

Preferred compounds of formula (IE) are those wherran R* is -CH2-COO-(Ci-C2 
alkyl). More preferably R^ is -CH2-COOCH3. 
5 Preferred compounds of formula (BE) are those wherdn R^ is -(C1-C5 alkylene)- 

0-(Ci-C3 alkyl). More preferably R^ is -{Ci-CA alkylene)-0CH3. 

Preferred compounds of formula (IE) are those wherein R^ is -(C1-C5 aBQ^lene)-0- 
(C3-C6 cycloalkyl). More preferably R^ is -CHa-CHa-O-cyclobutyl. 

Preferred compounds of formula (IE) are those wherein R* is -(Ci-Cs alkylene)- 
10 S02-(Ci-C3 alkyl). 

Preferred compovmds of formula (DE) are those wherein R^ is -(C1-C5 alkylene)- 
OCF3. More preferably R^ is -CH2-CH2-OCF3. 

Preferred compounds of formula (IE) are those wherein R^ is -(C1-C5 alkylene)- 
CN. More preferably R* is -(C2-C4 alkylene)-CN. Most preferably -CH2-CH2-CN or 

15 -cH2-c(CH3)2-casr. 

Preferred compounds of formula (BE) are those wherein R^ is -(CH2)q-Ar2, and q is 
1. More preferably R' is -(CH.2\-Ax2, q is 1 and -Ar2 is pyridyl, phenyl or phenyl 
substituted with 1, 2 or 3 substituents each independently selected from halo, 
trifluoromethyl or C1-C4 alkyl. 
20 Preferred compounds of formula (IE) are those wherein -Ari is phenyl; phenyl 

substituted with 1, 2 or 3 substituents each independently selected from halo, 
trifluoromefliyl and C1-C4 alkyl and/or with 1 substituent selected from phenyl, phenyl 
substituted with 1, 2 or 3 halo substituents, pyridyl, pyrazole, phenoxy and phenoxy 
substituted with 1, 2 or 3 halo substituents; pyridyl; or pyridyl substituted with 1, 2 or 3 
25 substituraits each independently selected from halo, trifluoromethyl and C1-C4 alkyl 

and/or with 1 substituent selected from phenyl and phenyl substituted with 1, 2 or 3 halo 
substituents. More preferably -Ari is phenyl or phenyl substituted with 1, 2 or 3 
substituents each independently selected from halo, trifluoromethyl and C1-C4 allq^l 
and/or with 1 substituent selected from phenyl, phenyl substituted with 1, 2 or 3 halo 
30 substituents, pyridyl, pyrazole, phenoxy and phenoxy substituted with 1 , 2 or 3 halo 
substituents. Most preferably -Ari is phenyl substituted with 1 or 2 substituents each 
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independently selected from halo, trifluoromethyl and CrC4 alkyl and/or with 1 
substituent selected from phenyl, phenyl substituted with 1, 2 or 3 halo substituents, 
pyridyl, pyrazole, phenoxy and phenoxy substituted with 1, 2 or 3 halo substituents. 
Suitable -Ati groups include, for example, 2-methylthiophenyl, 2-methylphenyl, 2- 
5 fluorophenyl, 2-chlorophenyl, 2-isopropoxyphenyl, 2-trifluoromefhylphenyl, 2- 
difluoromethoxyphenyl, 2-methoxyphenyl, 2-ethoxyphenyl, 2-(l,r-biphenyl), 2- 
phenoxyphenyl, 2-benzylpheiiyl, 3-trifluorometihLOxyphenyl, 3-chlorophenyl, 3- 
trifluoromethylphenyl, 3-methylphenyl, 3-trifluorothiomethoxyphenyl, 3-methoxyphenyl, 
4- trifluoromethylphenyl, 4-chlorophenyl, 4-fluorophenyl, 3,5-dichlorophenyl, 3,5- 
10 dimethylphenyl, 3 -trifluoromethyl-5 -fluorophenyl, 3,5-difluorophenyl, 2,3- 

dichlorophenyl, 2,3-dimethylphenyl, 2-chloro-3-trifluoromethylphenyl, 2-chloro-3T 
methylphenyl, 2-methyl-3-chlorophenyl, 2,4-dichlorophenyl, 2,4-dimethyl, 2,4- 
difluorophenyl, 2-chloro-4-fluorophenyl, 2-trifluoromethyl-4-fluorophenyl, 2-fluoro-4- 
trifluoromethylphenyl, 2-methyl-4-chlorophenyl, 2-methoxy-4-fluorophenyl, 2- 
15 trifluoromethyl-5-fluorophenyl, 2,5-dimethylphenyl, 4-fluoro-[l,l'-biphenyl]-2-yl, 2- 
chloro-5-fluorophenyl, 2-(trifluoromethyl>6-fluorophenyl, 2-chloro-6-fluorophenyl, 3,4- 
dichlorophenyl, and 3-chloro-4-fluorophenyL In general when -Ari is phenyl substituted 
with pyridyl, 3-pyridyl is preferred. 

Preferred compounds of formula (IE) are those wherem -Ari is pyridyl or pyridyl 
20 substituted with 1, 2 or 3 substituents each independently selected from halo, 

trifluoromethyl and C1-C4 alkyl and/or with 1 substituent selected from phenyl and phenyl 
substituted with 1, 2 or 3 halo substituents. More preferably -Ari is pyridyl substituted 
with 1 or 2 substituents each independentiy selected from halo, trifluoromethyl and C1-C4 
alkyl and/or with 1 substituent selected from phenyl and phenyl substituted with 1, 2 or 3 
25 halo substituents. Suitable -Ari groups include, for example, 3-phenyl-2-pyridyl. In 
general when -Ari is a substituted pyridyl, substituted 2-pyridyl is preferred. 
9. A compound of formula (BF) 
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wherein 



( isagroupoffoimula(a)or(b) 



10 



15 




or 




r' is Ci-Ce alkyl (optionally substituted with 1, 2 or 3 halo substituents and/or with 1 
substituent selected from -S-(Ci-C3 alkyl), -0-(CrC3 alkyl) (optionally substituted with 1, 
2 or 3 F atoms), -©-(Ca-Q cycloalkyl), -S02-(Ci-C3 alkyl), -CN, -COO-(CrC2 alkyl) and 
-OH); C2-C6 alkenyl; -(CH2)q-Ar2; or a group of formula (i) or (ii) 



^CH,), 



Y 




(CR'rV^ 
(i) 



(CR'R^Y 
(ii) 



5 6 7 

r2, r3 and R* are each independently selected ftom hydrogen or C1-C2 alkyl; R , R , R 
and R*^ are at each occurrence mdependently selected from hydrogen or C1-C2 alkyl; -X- 
is a bond, -CH2-, -CH=CH-, -0-. -S-, or -SO2-; -Y- is a bond, -CH2- or -O-; -Z is 
hydrogen, -OH or -©-(Ci-Ca alkyl); p is 0, 1 or 2; q is 0, 1 or 2; r is 0 or 1 ; s is 0, 1. 2 or 
3; t is 0, 1, 2 or 3; An is phenyl, pyridyl, thiazolyl, benzolhiophenyl or naphthyl; wherein 
slid phenyl, pyridyl or thiazolyl group may be substituted with 1, 2 or 3 substituents each 
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independently selected from halo, cyano, C1-C4 alkyl (optionally substituted with 1, 2 or 3 
F atoms), -0-(Ci-C4 alkyl) (optionally substituted with 1, 2 or 3 F atoms) and -S-(Ci-C4 
alkyl) (optionally substituted with 1, 2 or 3 F atoms) and/or with 1 substituent selected 
from pyridyl, pyrazole, phenyl (optionally substituted with 1, 2 or 3 halo substituents), 
5 ben2yl and phenoxy (optionally substituted with 1, 2 or 3 halo substituents); and wh««m 
said benzothiophenyl or mq)hthyl groiq) may be optionally substituted with 1, 2 or 3 
substituents each mdependently selected from halo, cyano, C1-C4 alkyl (optionally 
substituted with 1, 2 or 3 F atoms), -0-(Ci-C4 alkyl) (optionally substituted with 1, 2 or 3 
F atoms), and -S-(Ci-C4 alkyl) (optionally substituted with 1, 2 or 3 F atoms); Ar2 is 
10 naphthyl, pyridyl, thiazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl, wherein said 
naphthyl, pyridyl, thiazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl may be 
substituted with 1, 2 or 3 substituents each independently selected from halo, C1-C4 alkyl 
(optionally substituted with 1, 2 or 3 F atoms) and -0-(Ci-C4 alkyl) (optionally 
substituted with 1, 2 or 3 F atoms); or a pharmaceutically acceptable salt thereof; 
1 5 provided that (a) the cyclic portion of the group of formula (i) must contain at least three 
carbon atoms and not more than seven ring atoms; (b) vfhesD. -X- is -CH=CH-, then the 
cyclic portion of the group of formula (i) must contain at least five carbon atoms; and (c) 
when -Z is -OH or -0-(Ci-C3 alkyl), then -X- is -CH2-; and (d) when -Y- is -O- then p 
cannot be 0. 

20 With respect to formula (IF) the term "Ci-Cg alkyl" means a monovalent 

unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
1 to 6 carbon atoms. 

With respect to formula (IF) the term "C2-C6 alkenyl" means a monovalent 

unsubstituted unsaturated straight-chain or branched-cham hydrocarbon radical having 
25 from 2 to 6 carbon atoms and containing at least one carbon-carbon double bond. 

With respect to formula (IF) the term "C3-C6 cycloalkyl" means a monovalent 
unsubstituted saturated cyclic hydrocarbon radical having from 3 to 6 carbon atoms. 

With respect to formula (IF) the term "Ci-Cg alkylene" means a divalent 
unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
30 1 to 6 carbon atoms. 

With respect to formula (IF) the term "halo" or "halogen" means F, CI, Br or I. 
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With respect to fonnula (IF) the tenn "C1-C4 difluoroalkyl" means a monovalent 
unsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
1 to 4 carbon atoms wherein two hydrogen atoms are substituted with two fluoro atoms. 
Preferably the two fluoro atoms are attached to the same carbon atom. 
5 With respect to formula (IF) the term "C1-C4 trifluoroalkyl" means a monovalent 

unsubstituted saturated straight-chain or branched-chaia hydrocarbon radical having from 
1 to 4 carbon atoms wherein three hydrogen atoms are substituted with three fluoro 
atoms. Preferably the three fluoro atoms are attached to the same carbon atom. 
With respect to fonnula (IF) the term "phenoxy" means a monovalent 
10 unsubstituted phenyl radical linked to the point of substitution by an O atom. 

With respect to formula (IF) the term "pyridyl" includes 2-pyridyl, 3-pyridyl and 
4-pyridyl. 

With respect to formula (IF) the term "fiiryl" includes 2-furyl and 3-furyL 2-furyl 
is preferred. 

15 With respect to formula (IF) Ihe terai "thiophenyl" includes 2-thiophenyl and 3- 

thiophenyl. 

With respect to fonnula (IF) the tenn "thiazolyl" includes 2-thiazolyl, 4-thiazolyl 
and 5-thiazolyl. 

With respect to fonnula (IF) the tenn "pyrazole" includes 1-pyrazole, 3-pyrazole 
20 and4-pyrazole. 1-pyrazole is preferred. 

With respect to formula (IF) the term "benzothiophenyl" includes 2- 
benzo[b]thiophenyl, 3-benzo[b]thiophenyl, 4-benzo[b]thiophenyl, 5-benzo[b]thiophenyl, 
6-benzo[b]thiophenyl and 7-benzo[b]thiophenyl. 

With respect to formula (D?) Ihe term "n^hthyr includes 1-naphthyl, and 2- 
25 naphthyl. 1-n^httiyl is preferred. 

Witii respect to formula (BP), similar terms specifyii^ different numbers of C 
atoms take an analogous meaning. For example Ihe terms "C1-C4 alkyl" and "C1-C3 
alkyl" mean a monovalent unsubstituted saturated straight-chain or branched-chain 
hydrocarbon radical having from 1 to 4 and 1 to 3 carbon atoms respectively. The term 
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"C1-C4 alkyl" includes methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, 
and tert-butyl. The term "C1-C3 alkyl" includes methyl, ethyl, n-propyl and iso-propyl. 

With respect to formula (IF), it will be appreciated that when s is 2 or 3, then each 
r5 and/or each R** caa be difierent In the same way when t is 2 or 3, then each R' and/or 
each R^ can be different. 

Preferred compounds of formula (EF) are those of formula (IF') 



20 




(IF') 

vvdierein r\ R^, R^ R'^ and An have the values defined in formula (IF) above. 
10 Preferred compounds of formula (IF) are those of formula (IF") 




N^Ar, 



(IF") 

wherein R^ R^ R', R* and Ari have the values defined in formula (IF) above. 

Preferred compounds of formula (IF) are those wherein R^ is Ci-Ce alkyl, C2-C6 
15 alkenyl, -(CH2)™-CF3, -(CH2)„-S-(Ci-C3 alkyl), -CH2-COO-(Ci-C2 alkyl), -(Cj-Cs 

alkylene)-0-(Ci-C3 alkyl), -(C1-C5 alkylene)-0-(C3-C6 cycloalkyl), -(Ci-Cs alkylene)- 
S02-(Ci-C3 alkyl), -(C1-C5 alkylene)-OCF3, -(Cv-Cs alkylene)-OH, -(C1-C5 alkylene)-CN, 
-(CH2)q-Ar2 or a groiip of formula (ia), (ib) or (ii) 

■(crV) 




(ia) (ft) 
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R^ R^, R*, R^ R^ R', R^ -X-, -Y-, p, q, r and s have the values defined above; m is 1, 2 
or 3; n is 1, 2 or 3;-t is 2, 3 or 4; -An is phenyl, pyridyl, thiazolyl or naphthyl; wherein 
said phenyl, pyridyl or thiazolyl group may be substituted with 1, 2 or 3 substituents each 
independently selected from halo, trifluoromethyl, cyano, C1-C4 alkyl, -0-(Ci-C4 alkyl), - 
5 0-(Ci-C4 difluoroalkyl), -0-(Ci-C4 trifluoroalkyl), -S-(Ci-C4 alkyl), -S-(Ci-C2 
trifluoioalkyl) and/or with 1 substituent selected from pyridyl, pyiazole, phenyl 
(optionally substituted with 1, 2 or 3 halo substituents) and phenoxy (optionally 
substituted with 1, 2 or 3 halo substituents); and wherein said naphthyl group may be 
optionally substituted with 1, 2 or 3 substituents each independently selected from halo, 
10 trifluoromethyl, cyano, C1-C4 alkyl, -0-(Ci-C4 alkyl), -0-(Ci-C4 difluoroalkyl), -0-(Ci- 
C4 trifiuoroalkyl), -S-(Ci-C4 alkyl), -S-(Ci-C2trifluoroalkyl); Axj is naphthyl, pyridyl, 
thiazolyl, fiiryl, thiophenyl, benzothiophenyl, or phenyl, wherem said naphthyl, pyridyl, 
thiazolyl, furyl, thiophenyl, benzothiophenyl, or phenyl may be substituted with 1, 2 or 3 
substituents each independently selected from halo, C1-C4 alkyl, trifluoromethyl and -O- 
15 (C1-C4 alkyl). 

Preferred compounds of formula (IF) are those wherein R^ is hydrogen. In another 
preferred embodiment R^ and R'* are hydrogen. More preferably R^, R^ and R'* are 
hydrogen. 

Preferred compounds of formula (IF) are those wherein each R' and R* is 
20 hydrogen. In another preferred embodiment each R' and R* is hydrogen. More preferably 
R^R^R' and R* are hydrogen. 

Preferred compounds of formula (IF) are those wherein R* is Ci-Ce alkyl. More 
preferably R^ is n-propyl, 1-methylethyl (i-propyl), 2-methylpropyl (i-butyl), 2- 
methylbutyl, 2,2-dimethylbutyl. 
25 Preferred compounds of formula (IF) are those wherein R* is -(C4-C5 dUkyleae)- 

OH. More preferably R^ is 2,2-dimethyl-2-hydrQxyethyl or 3,3-dimethyl-3- 
hydroxypropyl. 

Preferred compounds of formula (IF) are those wherein R^ is a group of formula 

(i) and each R^ and R*^ is hydrogen. More preferably each R^ R^ R' and is hydrogen. 
30 Preferred compounds of formula (IF) are those wherein R^ is a group of formula 

(ii) and each R^ and R* is hydrogen. More preferably each R^ R*, R^ and R* is hydrogen. 
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Prefrared compounds of formula (IF) are those wherein is a group of formula 
(i), r is 0 or 1, s is 2, t is 1 or 2, -Z is hydrogen and -X- is -0-, -S- or -SO2-. More 
preferably B} is a &ovp of formula (i), r is 0 or 1, s is 2, t is 1 or 2, -Z is hydrogen and - 
X- is -0-, for example tetrahydro-2if-pyTan-4-yl, tetrahydrofiiran-3-yl or 
5 (tetrahydrofuran-3-yl)mefliyl. Most preferably is a group of formula (i). r is 0, s is 2, t 
is 1 or 2, -Z is hydrogen and -X- is -0-, for example tetrahydro-2H-pyran-4-yl or 
tetrahydrofuran-3-yL " 

Preferred compounds of formula (IF) are those wherein R* is a group of formula 
(i), r is 0, s is 1, 2 or 3, t is 1, -Z is hydrogen and -X- is -€0.2', for example cyclobuiyl, 
10 cyclopentyl or cyclohexyl. 

Preferred compounds of formula (IF) are those wherein R^ is a group of formula 
(i), r is 1, s is 0, 1, 2 or 3, t is 1, -Z is hydrogen and -X- is -CH2-. 

Preferred compounds of formula (IF) are Ihose wherein R^ is a group of the 
formula (ia). More preferably is a group of the formula (ia) and each R^ R^, R'and R* 
15 is hydrogen. 

Preferred compounds of formula (IF) are those wherein R* is a group of the 
formula (ib). More preferably R^ is a group of the formula (ib), r is 1, t is 3, and each 

R'and R* is hydrogen. 

Preferred compounds of formula (IF) are tiiose wherein R* is -(CH2)m-CF3. More 
20 preferably R' is -(CH2)m-CF3 and mis 1,2, or 3. _ 

Preferred compounds of formula (IF) are those wherem R^ is -(CH2)n-S-(Ci-C3 
alkyl). More preferably R^ is -(CH2)3-S-CH3. 

Preferred compounds of formula (IF) are those wherein R^ is -CH2-COO-(Ci-C2 
alkyl). More preferably R^ is -CH2-COOCH3. 
25 Preferred compounds of formula (IF) are those wherein R^ is -(C1-C5 alkylene)-0- 

(C1-C3 alkyl). More preferably R* is -(C3-C4 alkylene)-OCH3. 

Preferred compounds of formula (IF) are fliose wherein R^ is -(C1-C5 alkylene)-0- 
(C3-C6 cycloalkyl). More preferably R* is -CH2-CH2-0-cyclobutyl. 

Preferred compounds of formula (IF) are those whereia R* is -(C1-C5 alkylene)- 
30 S02-(Ci-C3 alkyl). 
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Preferred compounds of formula (IF) are those wherein is -(C1-C5 alkylene)- 
OCF3. More'preferably is -CH2-CH2-OCF3. 

Preferred compounds of formula (IF) are those wherein R^ is -(C1-C5 alkylene)- 
CN. More preferably R^ is -(C2-C4 alkylene)-CN. Most preferably -CH2-CH2-CN or 
5 .CH2-C(CH3)2-CN. 

Preferred compounds of formula (DP) are those wherein R^ is -(CH2)q-Ar2, and q is 
L More preferably R^ is -(CH2)q-Ar2, q is 1 and -Ar2 is pyridyl, phenyl or phenyl 
substituted with 1, 2 or 3 substituents each independently selected from halo, 
trifluoromethyl, CrC4 alkyl or 0-(CrC4 alkyl). 
10 Preferred compovinds of formula (IF) are those wherein -Ari is phenyl; phenyl 

substituted with 1, 2 or 3 substituents each independently selected from halo, 
trifluoromethyl and CrC4 alkyl and/or with 1 substituent selected from phenyl, phenyl 
substituted with 1, 2 or 3 halo substituents, pyridyl, pyrazole, phenoxy and phenoxy 
substituted with 1, 2 or 3 halo substituents; pyridyl; or pyridyl substituted with 1, 2 or 3 
15 substituents each.independently selected from halo, trifluoromethyl and C1-C4 alkyl 

and/or with 1 substituent selected from phenyl and phenyl substituted witii 1, 2 or 3 halo 
substituents. More preferably -Ari is phenyl or phenyl substituted with 1, 2 or 3 
substituents each independently selected from halo, trifluoromethyl and C1-C4 alkyl 
and/or with 1 substituent selected from phenyl, phenyl substituted with 1, 2 or 3 halo 
20 substituents, pyridyl, pyrazole, phenoxy and phenoxy substituted with 1, 2 or 3 halo 
substituents. Most preferably -Aii is phenyl substituted with 1 or 2 substituents each 
independently selected from halo, trifluoromethyl and CrC4 alkyl and/or with 1 
substituent selected from phenyl, phenyl substituted with 1, 2 or 3 halo substituents, 
pyridyl, pyrazole, phenoxy and phenoxy substituted with 1, 2 or 3 halo substituents. 
25 Suitable -Ari groups include, for example, 2-methylthiophenyl, 2-methylphenyl, 2- 
fluorophenyl, 2-chlorophenyl, 2-isopropoxyphenyl, 2-trifluoromethylphenyl, 2- 
difluoromethoxyphenyl, 2-methoxyphenyl, 2-ethoxyphenyl, 2-(l,l*-biphenyl), 2- 
phenoxyphenyl, 2-benzylphenyl, 3-trifluoromethoxyphenyl, S-chlorophenyU 3- 
trifluoromethylphenyl, 3-methylphenyl, 3-trifluorotiaiomethoxyphenyl, 3-methoxyphenyl, 
30 4- trifluoromethylphenyU 4-chlorophenyl, 4-fluorophenyl, 3,5-dichlorophenyl, 3,5- 
dimethylphenyl, 3-trifluoromefliyl-5-fluorophenyl, 3,5-difluorophenyl, 2,3- 



wo 2005/020975 



PCT/US2004/025592 



50 

dichlorophenyl, 2,3-dimethylphenyl, 2-chloro-3-1xifluoromethylphenyl, 2-chlorO"3- 
methylphenyU 2-methyl-3-chlorophenyl, 2,4-dichlorophenyl, 2,4-dimethyl, 2,4- 
difluorophenyl, 2-cliloro-4-fluorophenyl, 2-trifluoromethyl-4-fluorophenyl, 2-fluoro-4- 
trifluoromethylphenyl, 2-inethyl-4-chlorophenyl, 2-methoxy-4-fluorophenyl, 2- 

5 trifluoromethyl-5-fluorophenyl, 2,5-dimetihLylphenyl, 4-fluoro-[l,r-biphenyl]-2-yl, 2- 
chloro-5-fluorophenyl, 2-(trifluoromethyl)-6-fluorophenyl, 2-chloro-6-fluorophenyL, 3,4- 
dichlorophenyl, and 3-chloro-4-fluorophenyL In general when -Ari is phenyl substituted 
with pyridyU 3-pyridyl is preferred. 

Preferred compounds of formula (IF) are those wh^ein -Ari is pyridyl or pyridyl 

10 substituted with 1, 2 or 3 substituents each independentiy selected from halo, 

trifluoromethyl and C1-C4 alkyl and/or with 1 substituent selected from phenyl and phenyl 
substituted with 1, 2 or 3 halo substituents. More preferably -Ari is pyridyl substituted 
with 1 or 2 substituents each independently selected from halo, trifluoromethyl and C1-C4 
alkyl and/or with 1 substituent selected from phenyl and phenyl substituted with 1 , 2 or 3 

15 halo substituents. Suitable -Ari groups include, for example, 3-phenyl-2-pyridyl. In 
general when -Ari is a substituted pyridyl, substituted 2-pyridyl is preferred. 
10. A compound of formula (IG) 




R' 



u ^ H N 

H i.nH 1 



R^ 




R 



R I R 
H 



(IG) 

20 wherein -X- is -S- or -0-; each R is independently selected from H or C1-C4 alkyl; is 
H, C1-C4 alkyl, C1-C4 alkoxy, halo, cyano, trifluoromethyl, trifluorometiioxy, -NR^R'*, - 
CONR'R*, -COOR^ or a grovq) of the formula (i) 



R"' 

a) 
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is C1-C4 alkyl, phenyl or phenyl substituted with 1, 2 or 3 substituents each 
independently selected from C1-C4 alkyl, C1-C4 alkoxy, nitro, hydroxy, cyano, halo, 
trifluoromefhyl, trifluoromethoxy, benzyl, benzyloxy, -NR*^R^ -CONRV, COOR^ - 
S02NR^^ and -S02R^; R^ is selected from C1-C4 alkyl, C1-C4 alkoxy, carboxy, nitro, 
hydroxy, cyano, halo, trifluoromethyl, trifluoromethoxy, benzyl, benzyloxy, -NR R , - 
CONR*R^ -SCbNR^R^ and -S02R^ R^ R"^, R^ R'', R* and R^ are each independently 
selected from H or Ci- C4 alkyl; and -Z- is a bond, -CH2-5 or -0-; or a pharmaceutically 
acceptable salt thereof. 

With respect to formula (IG) the term "C1-C4 alkyl" means a monovalent 
imsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
1 to 4 carbon atoms. Thus the term "CrC4 alkyl" includes methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, sec-butyl and tert-butyl. 

With respect to formula (IG) the term "C1-C4 alkoxy" means a monovalent 
xmsubstituted saturated straight-chain or branched-chain hydrocarbon radical having from 
1 to 4 carbon atoms linked to the point of substitution by an O atom. Thus the term "Ci - 
C4 alkoxy" includes methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec- 
butoxy. 

With respect to formula (IG) the term "halo" or "halogen" means F, CI, Br or I. 
Preferred compounds of formula (IG) are those wherein -X- is -S-. 
Preferred compounds of formula (IG) are those wherein -X- is -0-. 
Preferred compounds of formula (IG) are those wherein R^ is phenyl. 
Preferred compounds of formula (IG) are those wherein all R groups are 
hydrogen. 

Preferred compoimds of formula (IG) are those represented by the fomiula (IIG) 




H 
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(HG) 

wherein is H, C1-C4 alkyl, C1-C4 alkoxy, halo, cyano, trifluoromethyl, 
trifluoromefhoxy, -NR^R"*, -CONR^R^ -COOR^ or a group of the formula (i) 




(i) 

5 R^ is selected from C1-C4 alkyl, C1-C4 alkoxy, carboxy, nitro, hydroxy, cyano, halo, 
trifluoromethyl, trifluoromethoxy, benzyl, benzyloxy, -NR^R^ -CONRV, -S02NR^R^ 
and -SO2R*; R^ R*, R^ and R^ are each independently selected from H or Ci- C4 alkyl; -Z- 
is a bond, -CH2-, or -0-; or a pharmaceutically acceptable salt thereof. 

Preferred compounds of formula (IG) or (HG) are Ihose wherein the substituent R^ 
10 is in the three position of the pyridine ring as numbered in formula (IG) above. More 

preferably said substituent R^ is H, C1-C4 alkyl, halo, cyano, -CONR^R"^, trifluoromethyl 
or a group of the formula (i). When R^ is -CONR^R^ then R^ and R"* are both preferably 
H. When R^ is C1-C4 alkyl, then it is preferably methyl. 

Preferred compounds of formula (IG) or (IIG) are those wherein the substituent R^ 
15 is a group of the formula (i). 

Preferred compounds of formula (IG) or (HG) are those wherein R^ is a group of 
the formula (i), -Z~ is a bond, and R^ is H or halo. 

Preferred compoimds of formula (IG) or (IIG) are those wherein R^ is a group of 
the formula (i), -Z- is -CH2- or -0-, and R^ is H. 
20 Preferred compounds of formula (IG) or (IIG) are those wherein the substituent R* 

is in the five position of the pyridine ring as numbered in formula (IG) above. More 
preferably said substituent R^ is selected from bromo, chloro or iodo. 

Compounds within tiie scope of Formulae (lA), (IB), (IC), (ID), (IE), (IF) and 
(IG) above are inhibitors of norepinephrine reuptake. Certain compounds within the scope 
25 of Formulae (lA), (IB), (IC), (ID), (IE), (IF) and (IG) above are selective inhibitors of 
norepinephrine reuptake. 

Biogenic amine transporters control the amount of biogenic amine 
neurotransmitters in the synaptic cleft. Inhibition of the respective transporter leads to a 
rise in the concentration of that neurotransmitter within the synaptic cleft. Compounds of 
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Formulae (lA), (IB), (IC), (ID), (IE), (IF) and (IG) above and their pharmaceutically 
acceptable salts preferably exhibit a Kj value less than SOOnM at the norepinephrine 
transporter as determined using the scintillation proximity assay as described below. 
More preferred compounds of Formulae QA), (IB), (IC), (ID), (IE), (IF) and (IG) above 

5 and their pharmaceutically acceptable salts exhibit a K{ value less than 1 OOnM at the 

norepinephrine transporter. More preferred compounds of Formulae (lA), (IB), (IC), (ID), 
(IE), (IF) and (IG) above and their pharmaceutically acceptable salts exhibit a Ki value 
less than 50nM at the norepinephrine transporter. Especially preferred compoxmds of 
Formulae (lA), (IB), (IC), (ID), (IE), (IF) and (IG) above and their pharmaceutically 

1 0 acceptable salts exhibit a Ki value less than 20nM at the norepinephrine transporter. 

Preferably, these compounds selectively inhibit the norepinephrine transporter relative to 
the serotonin and dopamine transporters by a factor of at least five, more preferably by a 

i 

factor of at least ten. 

In addition, the compounds of Formulae (lA), (IB), (IC), (ID), (IE), (IF) and (IG) 

15 . above of the present invention are preferably acid stable. Advantageously, they have a 
reduced interaction (both as substrate and inhibitor) with the liver enzyme Cytochrome 
P450 (CYP2D6). That is to say, they preferably exhibit less than 75% metabolism via the 
CYP2D6 pathway according to the CYP2D6 substrate assay described below and they 
preferably exhibit an IC50 of >6^M according to the CYP2D6 mhibitor assay described 

20 below. 

While all compounds exhibiting norepinephrine reuptake inhibition are useful for 
the methods of the present invention, certain are preferred. It is preferred that the 
norepinephrine reuptake inhibitor is selective for the reuptake of norepinephrine over the 
reuptake of other neurotransmitters. It is also preferred that the norepinephrine reuptake 
25 inhibitor does not exhibit signigicant direct agonist or antagonist activity at other 

receptors. It is especially preferred that the norepinephrine reuptake inhibitor be selected 
from atomoxetine, reboxetine, (S,S)-reboxetine, (R)-N-methyl-3-(2"methyl-thiophenoxy)- 
3-phenylpropylamine, and compounds of Formulae (I), (lA), (IB), (IC), (ID), (IE), (IF) 
and (IG) above. 



wo 2005/020975 



PCT/US2004/025592 



54 

The present invention encompasses pharmaceutical compositions comprising the 
compomds disclosed herein, or pharmaceutically acceptable salts thereof; together with a 
pharmaceutically acceptable carrier, diluent, or excipient. 

It will be understood by the skilled reader that most or all of the compounds used 

5 in the present invention are ccqpable of forming salts, and that the salt forms of 

pharmaceuticals are commonly used, often because they are more readily crystallized and 
purified than are the free bases. In all cases, the use of the pharmaceuticals described 
above as salts is contemplated in the description herein, and often is preferred, and tiie 
pharmaceutically acceptable salts of all of the compounds are included in the names of 

10 them. 

Many of the compounds used in this invention are amines, and accordingly react 
with any of a number of inorganic and organic acids to form pharmaceutically acceptable 
acid addition salts. Since some of the free amines of the compounds of this invention are 
typically oils at room temperature, it is preferable to convert the free amines to their 
1 5 pharmaceutically acceptable acid addition salts for ease of handling and administration, 
since the latter are routinely solid at room tempemture. Acids commonly employed to 
form such salts are inorganic acids such as hydrochloric acid, hydrobromic acid, 
hydroiodic acid, sulftiric acid, phosphoric acid, and the like, and organic acids, such as e- 
toluenesulfonic acid, methanesulfonic acid, oxalic acid, p-bromophenylsulfonic acid, 
20 carbonic acid, succinic acid, citric acid, benzoic acid, acetic acid and the like. Examples 
of such pharmaceutically acceptable salts thus are the sulfate, pyrosulfate, bisulfate, 
sulfite, bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate, 
metaphosphate, pyrophosphate, chloride, bromide, iodide, acetate, propionate, decanoate, 
caprylate, acrylate, formate, isobutyrate, caproate, heptanoate, propiolate, oxalate, 
25 malonate, succinate, suberate, sebacate, ftmiarate, maleate, butyne-l,4-'dioate, hexyne- 

1,6-dioate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate, 
methoxybenzoate, phthalate, sulfonate, xylenesulfonate, phenylacetate, phenylpropionate, 
phenylbutyrate, citrate, lactate, b-hydroxybutyrate, glycoUate, tartrate, methanesulfonate, 
propanesulfonate, naphthalene-1 -sulfonate, naphthalene-2-sulfonate, mandelate and the 
30 like. Preferred pharmaceutically acceptable salts are those formed with hydrochloric 
acid. 
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Phannaceutically acceptable salts of the compounds of Formulae (lA), (IB), (IC), 
(ID) (IE), (IF) aad (IG) above include acid addition salts, including salts fomied with 
inorganic acids, for example hydrochloric, hydrobromic, nitric, sulphuric or phosphoric 
acids, or with organic acids, such as organic carboxylic or organic sulphonic acids, for 
example, acetoxyben2X)ic, citric, glycolic, o- mandelic-1, mandelic-dl, mandelic d, maleic, 
mesotartaric monohydrate, hydroxymaleic, fumaric, lactobionic, malic, 
methanesulphonic, napsylic, naphtalenedisulfonic, naphtoic, oxalic, palmitic, 
phenylacetic, propionic, pyridyl hydroxy pyruvic, salicylic, stearic, succinic, sulphanilic, 
tartaric, 2-hydroxyethane sulphonic, toluene-p-sulphonic, andxinafoic acids. 

In addition to the phannaceutically acceptable salts, other salts can serve as 
intermediates in the purification of compounds, or in the preparation of other, for example 
phannaceutically acceptable, acid addition salts, or are useful for identification, 
characterization, or purification. 

The present invention encompasses the administration of a composition that 
exhibits (preferably selective) norepinephrine reuptake inhibitor activity. The 
composition can comprise one or more agents that, individually or together, inhibit 
norepinephrine reuptake preferably in a selective manner. 

Dosages 

The dosages of the dmgs used in the methods of the present invention must, in the 
final analysis, be set by the physician in charge of the case using knowledge of the drugs, 
the properties of the drugs alone or in combination as determined in clinical trials, and the 
characteristics of the patient including diseases other lhan that for which the physician is 
treating the patient. General outlines of the dosages, and some preferred dosages, are as 
follows: 

Atomoxetine: 

In adults and older adolescents : firom about 5 mg/day to about 200 
mg/day; preferably in the range firom about 60 to about 150 mg/day; more preferably 
firom about 60 to about 130 n^day; and still more preferably firom about 50 to about 120 
mg/day; 
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I n chilcireii and younger adolescents : firomaboirt 0.2 to about 3.0 
mg/kg/day; preferably in the range from about 0.5 to about 1.8 mg/kg/day; 

Reboxetine: Racemic reboxetine can be administered to an individual in an 
amount in the range of from about 2 to about 20 mg per patient per day, more preferably 
from about 4 to about 10 mg/day, and even more preferably from about 6 to about 10 
mg/day. Depending on the formulation, the total daily dosage can be administered in 
smaller amounts up to two times per day. A preferred adult daily dose of optically pure 
(S,S) reboxetine can be in the range of from about 0.1 mg to about 10 mg, more 
preferably from about 0.5 mg to about 8 to 10 mg, per patient per day. The effective 
daily dose of reboxetine for a child is smaller, typically in the range of from about 0.1 mg 
to about 4 to about 5 mg/day. Treatments using compositions containing optically pure 
(S,S)-reboxetine are about 5 to about 8.5 times more effective in inhibiting the reuptake 
of norepinephrine than compositions containing a racemic mixture of (R,R)- and (S,S)- 
reboxetine, and therefore lower doses can be employed. PCT Intemational Publication 
No. WO 01/01973 contains additional details concerning the dosing of (S,S) reboxetine. 

Compounds of formula I: from about 0.01 mg/kg to about 20 mg/kg; preferred 
daily doses are from about 0.05 mg/kg to 10 mg/kg; more preferably from about 0.1 
mg/kg to about 5 mg/kg; 

Compounds of formulae (lA), (IB), (XQ, (ID), (IE), (IF) and (IG) above: from 
about 5 to about 500 mg, more preferably from about 25 to about 300 mg, of the active 
ingredient per patient per day. 

Administration 

The compomds disclosed herein can be administered by various routes, for 
example systemically via oral (including buccal or sublingual), topical (including buccal, 
sublingual, or transdermal), parenteral (including subcutaneous, mtramuscular, 
intravenous, or uitradermal administration), intra-pulmonary, vaginal, rectal, intranasal, 
ophthalmic, or intraperitoneal administration, or by an implantable extended release 
device. Oral adxninistration is preferred. The route of administration can be varied in any 
way, limited by the physical properties of the drugs, the convenience of the patient and 
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the caregiver, and other relevant circumstances (Remington's Pharmacetitical Sciences 
(1990) 18th Edition, Mack Publishing Co.). 

The pharmaceutical compositions are prepared in a maimer well known in the 
pharmaceutical art. The carrier or excipient can be a solid, semi-solid, or liquid material 
that can secve as a vehicle or medium for the active ingredient Suitable carriers or 
excipients are well known in the art. The pharmaceutical composition can be adapted for 
oral, inhalation, parenteral, or topical use and can be administered to the patient in the 
form of tablets, capsules, aerosols, mhalants, suppositories, solutions, suspensions, or the 
like. 

The compounds of the present invention can be administered orally, for example, 
with an inert diluent or capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the compounds can be incorporated with excipients and used 
in the form of tablets, troches, capsviles, elixirs, suspensions, syrups, wafers, chewing 
gums and the like. These preparations ^ould contain at least 4% of the compound of the 
15 present invention, the active ingredient, but can be varied depending upon the particular 
form and can conveniently be between 4% to about 70% of the weight of the unit The 
amount of the compound present m compositions is such that a suitable dosage will be 
obtained. Preferred compositions and preparations according to the present invention can 
be detamined by a person skilled in the art. 
20 The tablets, pills, capsules, troches, and the like can also contain one or more of 

the following adjuvants: binders such as microcrystalline cellulose, gum tragacanth or 
gelatin; excipients such as starch or lactose, dismtegrating agents such as alginic acid, 
Primogel, com starch and the like; lubricants such as magnesium stearate or Sterotex; 
glidants such as colloidal silicon dioxide; and sweetening agents such as sucrose or 
25 saccharin can be added or a flavoring agent such as peppermint, methyl salicylate or 
orange flavoring. Whoi the dosage unit form is a capsule, it can contain, in addition to 
materials of the above type, a liquid carrier such as polyetixylene glycol or a fatty oil. 
Other dosage unit forms can contain other various materials that modify tiie physical form 
of the dosage unit, for example, as coatmgs. Thus, tablets or pills can be coated with 
30 sugar, shellac, or other coating agents. A syrup can contain, in addition to the present 
compounds, sucrose as a sweetening agent and certain preservatives, dyes and colorings 
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and flavors. Materials used in preparing these various compositions should be 
phaimaceutically pure and non-toxic in the amounts used. 

A formulation useful for the administration of R-(-)-N-methyl 3-((2- 
methylphenyl)oxy)-3-phenyl-l-aminopropane hydrochloride (atomoxetine) conqirises a 
dry mixture of R-(-)-N-methyl 3-((2-methylphenyl)oxy)-3-phenyl-l-aminopropane 
hydrochloride with a diluent and lubricant A starch, such as pregelatinized com starch, 
is a suitable diluent and a silicone oil, such as dimethicone, a suitable lubricant for use in 
hard gelatin capsules. Suitable formulations are prepared containing about 0.4 to 26% R- 
(-)-N-methyl 3-((2-methylphen-yl)oxy)-3 -phenyl- l-aminopropane hydrochloride, about 
73 to 99% starch, and about 0.2 to 1.0% silicone oil. Tables 1 and 2 illustrate particularly 
preferred formulations: 



Table 1 
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Table 2 
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5 For the purpose of parenteral therapeutic administration, the compounds of the 

present invention can be incorporated into a solution or suspension. These preparations 
^ically contain at least 0.1% of a compound of the invention, but can be varied to be 
between 0.1 and about 90% of the weight thereof. The amount of the compound of 
formula I present in such compositions is such that a suitable dosage will be obtained. 

10 The solutions or suspensions can also include one or more of the following adjuvants: 
sterile diluents such as water for injection, saline solution, fixed oils, polyethylene 
glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial agents such 
as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or sodium 
bisulfite; chelating agents such as ethylene diaminetetraacetic acid; buffers such as 

1 5 acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium 
chloride or dextrose. The parenteral preparation can be enclosed in ampoules, disposable 
syringes or multiple dose vials made of glass or plastic. Preferred compositions and 
preparations are able to be determined by one skilled in the art. 

The compoxmds of the present invention can also be administered topically, and 

20 when done so the carrier can suitably comprise a solution, ointment, or gel base. The 
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base, for example, can comprise one or more of the following: petrolatum, lanolin, 
polyethylene glycols, bees wax, mineral oU, diluents such as water and alcohol, and 
emulsifiers, and stabilizers. Topical formulations can contain a concentration of the 
compound, or its pharmaceutical salt, ftom about 0.1 to about 10% w/v (weight per unit 
volume). 

The compositions are preferably formulated in a dosage unit form, i.e., physically 
discrete units suitable as unitary doses for human subjects and other mammals, each unit 
containing a predetermined quantity of active material calculated to produce the desired 
therapeutic effect, in association with a suitable pharmaceutical carrier, diluent, or 
excipient. 

The following examples are provided to illustrate various aspects of the present 
invention, and should not be construed to be limiting thereof in any way. 

Preparation nf ComDOUP «l« nf Formula OA) 

Compounds of formula (lA) may be prepared by conventional organic chemistry 
techniques and also by soUd phase synthesis. In the present specification the abbreviation 
"boc" refers to the N-protecting group t-butyloxycarbonyl. In the present specification 
the abbreviation "TFA" refers to trifluoroacetic acid. In the present specification the 
abbreviation 'TJMF" refers to dimethylformamide. hi the present specification the 
abbreviation "SPE" refers to soUd phase extraction. In the present specification the 
abbreviation "ACE-Cl" refers to a-chloroethyl chloroformate. 

When R8 is H, a suitable three-step conventional synthesis is ouflined in Scheme 

lA shown below. 
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A boc-protected 4-piperidone (HA) is leductively aminated with an amine to 
5 provide a 4.anmo-piperidine (HIAa or mAb). A second reductive amination wilh an 
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aldehyde or ketone provides a boc-protected compound of formula (lA) (IVA). Hie hoc 
group is removed under acidic conditions to provide a compound of formula (lA) (where 
R8 is H). If desired, the compound of formula (lA) (where R8 is H) may be converted to a 
suitable salt by addition of a suitable quantity of a suitable acid. In die schemes above 

5 (and below) Rl to R7, R9. RIO and n are as previously defined, m is 0, 1 or 2 and Rl 1 
and R12 are chosen such that Rl 1-CH-R12 = Rl. 

Altixough the boc N-protecting group is used in the above illustration, it will be 
appreciated that other N-protecting groups (for example acetyl, benzyl or 
benzoxycarbonyl) could also be used together with a deprotection step ^propriate for the 

10 N-protecting group used. Similarly, other reducing agents (for example NaBH4 or 
LiAlH4) may be used in the reductive ammation steps and other acids (for example HCl) 

may be used in the deprotection step. 

As an alternative to the second reductive amination step, compound IIIAa or IIIAb 
may be subjected to an alkylation step as shown in Scheme IB below (L represents a 
15 suitable leaving group -for example Br or tosyl). 
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Once again, N-protection other than boc may also be used together with a suitable 
deprotection step. Similarly, bases other than potassium carbonate (e.g NaH) may be used 
for the alkylalion step 

Using essentially the same chemical reactions as in tihe first scheme above, the 
compounds of formula (lA) (where R8 is H) may also be prepared by a soUd phase 
parallel synthesis technique as outlined in Scheme IC shown below. 
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A piperidone hydrate is attached to a polystyrene resin to provide a resin boiind 
piperidone (VA). Aliquots are reductively animated to provide a resin bound secondary 
amine (VIA) that can undergo a further reductive amination with an aldehyde or ketone to 
give the tertiary amine (VIIA). Acidic cleavage from the resm and SPE provides 
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compounds of formula (lA) (where R8 is H) which may be purified by ion exchange 
methods using, for example, the SCX-2 ion exchange ream. 

Althou^NaBH(OAc)3 is used in the above illustration, it will be appreciated lhat 
other reducing agents (for example NaBH4 or LiAlH4) may be used in the reductive 
amination steps and other acids (for example HCl) may be used in the deprotection step. 
Solid phase resins other than the p-nitrophenylcarbonate-polystyrene resin fllustrated 
above may also be employed. 

When R8 is Ci-C4alkyl, a conventional synthetic route is outlmed m Scheme ID 

shown below. 
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A benzyl-protected 4-piperidone (VIIIA) is alkylated with an alkyllithium reagent 
to provide a 4-ainino-piperidmol (EKA). Treatment with an alkylnitrile or alkylamide 
under strongly acidic conditions provides a secondary amide (XA) which may be 
deprotected, boc-protected and reduced to provide a secondary amme (XIA). Alkylation 
5 of the secondary amine (XIA) followed by removal of the boc group provides a 
compound of formula (lA) (where R8 is Ci-C4alkyl)- In the scheme above L is a leavmg 
group as previously defined and R13 is chosen such that R13-CH2 = Rl. 

Although the benzyl and boc N-protecting groups are used in the above 
illustration, it will be appreciated that other N-protecting groups could also be used in 
10 their place together with deprotection steps appropriate for those N-protecting groups. 
Similarly, other reducing agents may be used in the amidecarbonyl reduction step and 
other organometaUics or bases may be used in the respective alkylation steps. 

Preparation of Componnds of Formula CBS) 
15 A general scheme outlining the synthetic routes to compounds of Formulae QB) 

wherein Y is OH is shown below (Scheme IB). For clarity, Ara is shown as phenyl and 
Ry and Rz are shown as H. It will be appreciated that analogous methods could be 
applied for other possible identities of Ar2, Ry and Rz. 




2B 
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Scheme IB 

Compounds of Formulae (IB) can be prepared by conventional organic chemistry 
techniques fiom an JV-benzyl-ketomorpholine of type IB by addition of a suitable 
organometallic derivative (method A), or via the addition of a suitable organometallic 
reagent to an epoxide of type 2B (method B), as outlined in Scheme IB. 

The racemic intermediates of type IB can be obtained as outlined in Scheme 2B 
ty condensation of an JST-benzyl cyanomorpholine 5B (J. Med. Chem. 1993, 36, pp 683 
- 689) with a suitable aryl organometallic reagent followed by acid hydrolysis. Chiral 
HPLC separations of tiie racemic AT-benzyl-aryl-ketomorpholine of type IB gives the 
required smgle enantiomer, i.e., the (2S)- JV-benzyl-aryl-ketomorpholine of type 6B 
(Scheme 2B). 




Scheme 2B 

Condensation of a chiral (2S)-iV-ben2yl-aryl-ketomorpholiQe of type 6B with a 
commercially available ben2ylic magnesium halide or a benzylic magnesium halide 
prqpared using standard Grignard techniques ficom the corresponding halo-ben2ylic 
derivative gives a tertiary alcohol of type 3B without any observed epimerisation of the 
existii^ asymmetric center (ee's/de's determinations can be carried out using chiral 
HPLC) and witii very high ovraall diastereoisomeric excesses (see Scheme 3B). The final 
compounds of type 4B can be obtained after cleavage of the N-heozyl protecting group on 
a compound of type 3B. The deprotection can be done using catalytic palladium 
hydrogenolysis, or carbamate exchange with ACE-Cl (1-Chloroethyl cMoroformate), 
giving intermediates of type 7B, followed by methanolysis as shown in Scheme 3B. 
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Scheme 3B 

The intermediates 3B can be further elaborated using for example organometallic 
type couplings between an ortho bromide derivative of type 8B and an arylboronic acid as 
5 shown in Scheme 4B. For clarity, Ari and its substituent (Ri) are shown as phenyl and 
substitution occurs at the 2-position. It will be appreeiated that analogous methods could 
be applied for other possible identities of Ari and Ri and other possible substitution 
positions. This approach can also be carried out by solid phase synthetic methods as 
described in more detail in the specific examples below. 




10 9B 

Scheme 4B 

An alternative route for the preparation of the compounds of Formulae (IB) is 
method B (see Scheme IB). Formation of the intermediate epoxides of type 2B from 
racemic iV-benzyl-ketomorpholines of type IB, can be done using for example trimethyl 
IS sulfoxonium iodide and a suitable base, for example sodium hydride. Condensation of 
2B with a commercially available aryl organometallic, or an aryl organometallic prepared 
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from the corresponding halo aryl derivative, gives the intermediates of type 3B, as 
mixtures of diastereoisomers. Final depiotections can be done as described above (see 
Scheme 3B). Final compoimds made using method B can be purified using chiral HPLC. 
Compounds of Formula (IB) of the present invention wherein Y is OR and R is 
5 C1-C4 alkyl, can be synthesized by standard alkylation of intermediates of type 3B prior 
to deprotection of the moipholine N-atom as shown in Scheme SB, Suitable strong bases 
will be known to the person skilled in the art and mclude, for example, sodium hydride. 
Similarly, suitable alkylating agents will be known to the person skilled in the art and 
include, for example, C1-C4 alkyl halides such as methyl iodide. 




Scheme SB 



Preparation of Compottnds of Formula (lO 
Compounds of formula (LC) may be prepared by conventional organic chemistry 
15 techniques from N-benzyl-cyanomorpholine IC (Route A) or N-benzyl-morpholinone 2C 
(Route B) as outlined in Scheme IC below: For clarity, X is shovm as phenyl and R' and 
R^ are shown as H* It vnil be appreciated that analogous methods could be applied for 
other possible identities of X, R' and R\ 
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C O 
N 

Ph-^ 1C 



Route A 




Scheme IC 

More detail of Route A is given in Scheme 2C: 

^ ^ separation 

Ph IC Ph 3C Ph 3Ca:(2S) 




Ph chiral 



H?" 
Ph^ 4Ca:(2S,2'S) 



10 



( 



°4-^Ph 

N 



R1 
S 




Ph^ 6Ca: (2S,2'R) 



R1 

S 




Ph 



Scheme 2C 

The amino alcohol 4Ca can be obtained by reaction of N-benzyl-cyanomorpholine 
IC with a Grignard reagent, followed by acid hydrolysis to give racemic phenyl ketone 
3C which may be separated on chiral HPLC. (2S>Phenyl ketone 3Ca may then be 
reduced with DIP-Cl to give 4Ca in high diastereomeric excess. The amino alcohol 4Ca 
is converted into benzyl bronride 5Ca, to give the desired N-substituted aryl thio 
morpholines after displacement with the requisite aryl thiol. N-substituted aryloxy 
morpholines may be obtained in an analogous manner by displacement with the requisite 
hydroxyaryl compound. Altematively, N-substituted aryloxy morpholines may be 
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obtained by addition of a strong base, such as sodium hydride, to the amino alcohol 4Ca 
to fomi a nucleophilic alkoxide followed by an SnAt reaction with an Ar group 
substituted with a suitable leaving group (e.g. F). Deprotection of the tertiary amine gives 
the final products. 
5 Detail of route B is given in Scheme 3C: 

OH 



a— c: 



OH J ficaech »u-^ 4Ca:(2S,2'S) 

o3^^.y<^^ 6Ca.eCb Ph-- 4Cb:(2R,CT) 





2 



H^o ^rsi"^o ^ OH „ QH 



2C 6Ca: (2S,2'S). 

6Cb: {2S,2*R). 



Ct^o — cro 



6Cc: (2R.2'S), ^ 
6Cd: (2R,2'R) 6Cc.6Cd 4Cc: (2R.2'S) 

4Ccl: (2S,2'R) 

Scheme 3C 

Treatment of iV-benzyl morpholinone 2C with a strong base such as lithium 
diisopropylamide at low temperature followed by addition of benzaldehyde gives aldol 

10 adducts 6Ca-6Cd as a 2:1 mixture of diastereomer pairs 6Ca,6Cb and 6Cc,6Cd, which 
may be separated using conventional chromatographic techniques. Reduction with a 
borane reagent at elevated temperatures gives diasteremeric amino alcohol pairs 4Ca,4Cb 
and 4Cc,4Cd respectively. 

Amino alcohol pair 4Ca,4Cb may be converted to bromide 5Ca,5Cb and further 

15 to racemic aryl thio moipholines as outlined in Scheme 4C. Amino alcohol pair 4Cc,4Cd 
may be converted into the corresponding mesylate. Displacement with the requisite thiol, 
followed by removal of the nitrogen protecting group furnishes aryl thiol morpholines as 
racemic mixtures of two diastereomers. The racemic aryl thiol morpholines may be 
separated into enantiomerically pure products using chiral HPLC technology. N- 

20 substituted aryloxy morpholines may be obtained in an analogous manner by 
displacement with the requisite hydroxyaryl compound. 
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OH u 9*^5 



Ph 4CMCd TCaJCb 




Scheme 4C 

Aryl-substituted morpholines 33C, 35C, 37C may be obtained from morpholinone 
2C as outlined in Scheme 5C: 

38Ca.38Cb:R = meta-F 41Ca^1Cb: R = meta-F ^l^tn-'^^a 

soca aacb- r - tjaia-CI 42Ca/12Cb: R = para-CI 46Ca^Cb. R = para-a 
2SSS;S;XS 43CaU3Cb:R=ortho-F 46Ca^b: R = ortho-F 



H 



32Ca.32Cb: R = meta-F, R' = CF3 33C: R = meta-F R = CF3 
34Ca,34Cb: R = para-CI. R' = CF3 35C: R = para^l. R = CF3 
36Ca,36Cb: R = ortho-F. R' = CI 37C: R = ortho-F. R = CI 

Scheme 5C 

An alternative route to 9C is outlined in Scheme 6C. This route makes use of a 
chiral auxiliary and gives 9C in enantiomerically pure form. 
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SIC 9C: (2S,2'S): R1 = ortho-CFS 



Scheme 6C 

Preparation of Compounds of Fommla (ID) 
Compounds of formula (ID) may be prepared using the ^following methods. 

General schemes outlining the synthetic routes used to prepare racemic products are given 

below. All active racemates may be separated into single enantiomers using chiral HPLC 

and may be readily converted into suitable salts. 

Compounds of formula (ID) wherein Ar is (i) and R^*' is H may be prepared as 

shown in Scheme ID below: 
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Scheme ID 



Qxunolm-2-one ID or its corresponding 4-oxo and 4-thio derivatives can be N- 
arylated using modified conditions to those reported by Buchwald, (J. Am. Chem, Soc, 

5 123, 2001, p. 7727). For example the quinolin-2-one ID is reacted with 3 equivalents of 
Ar-Br wherein Ar is (i) and R^c is H, 0.2 equivalents of trans-cyclohexanediamine, 0.2 
equivalent of copper iodide (Cul), 2.1 equivalents of potassium carbonate (K2CO3), in an 
organic solvent such as 1 ,4-dioxane at a temperature of 125'C overnight The resulting N- 
arylated quinolin-2-one 2D can be alkylated by treatment with a strong base such as 

10 lithium hexamethyldisilazide (LiHMDS) at temperatures of -78'C in a suitable organic 
solvent such as tetrahydrofuran (THF), followed by the addition of an alkyl halide such 
as alkyl iodide to give the correspondmg 3-alkylated-N-arylated quinolin-2-one derivative 
3D. Using the same alkylating conditions above with a 1,2-dihaloethane, such as 1- 
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broino-2-chloroethane, or a l,3-(iihalopropane, such as l-bromo-3-chloropropane, as 
alkylating agents provides 4D or 5D wherein n is 2 or 3 respectively. These halo 
analogues were chosen as ideal precursors to the desired amine products. For instance, 
treatment of 4D or 5D with aqueous methylamine, in the presence of a catalytic amount 
5 of a suitable iodide, such as potassium iodide (KI), in ethanol at 100"C provided the 
racemic amine products 6D and 7D respectively, in moderate yields. 



Compounds of formula (ID) wherein Ar is (i% R2c is H and n is 3 may be prepared 
using alternative chemistry as diown in Scheme 2D. 




10 Scheme 2D 

Quinolin-2-ones 2D and 3D can be alkylated using tiie aforementioned alkylating 
procedure using an allyl halide e.g. allyl bromide as the alkylating agent to give tiie 
corresponding 3-allyl-N-arylated-quinolin-2-ones IID. Said allyl analogues could tiien be 
converted to the corresponding primary alcohols 12D by a hydroboration procedure 
15 involving a suitable borane, such as 9-BBN in a suitable solvent such as THF. Oxidative 
work up using for example reaction conditions such as aqueous hydrogen peroxide in a 
solvent such as ethanol, in the presence of a suitable base, such as sodium hydroxide, 
gave moderate to good yields of alcohol products after column chromatography 
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purificadon. The alcohols were cleanly converted into Iheir mesylates, by reaction of a 
mesyl halide such as mesyl chloride m the presence of a suitable base such as 
triethylamine in a suitable solvent such as THF at a suitable temperature such as 0*'C to 
room temperature. The resulting mesylates are used directly in the amination step 
described above m Scheme ID to provide good yields of the final racemic targets 13D. 

In order to prepare a range of N-arylated analogues advanced intermediates were 
prepared that could undergo N-arylations with a range of substituted aryl haUdes, such as 
aryl bromides or iodides, 2 and 3-halotbiophenes, 2 and 3-halofurans or 2 and 3- 
halopyrroles. .The synthetic route used to prepare intermediates 19D is shown below m 
Scheme 3D. 



IDa 




18Da-b 




16Da-b 




19Da-b 




s ^ 



22Da-b 



Scheme 3D 



wo 2005/020975 



PCT/US2004/025592 



77 

Compounds of formula (ID) wherein n is 3 may be prepared as shown m Scheme 
3D. This method is particularly suitable for compounds wherein Ar is (i) and R^c is H or 
Ar is (ii), wherein -Y- is -S-. 

Qumolm-2-one ID can be protected using a suitable amide-protecting group such 
5 as those described m T. W. Greene, "Protective Groups m Organic Synthesis", John Wiley 
and Sons, New York, N.Y., 1991, hereafter referred to as "Greene". For example 
quinolin-2-one ID can be protected with a 4-methoxybenzyl group. The protection 
reaction can be carried out for example using a suitable base, such as sodium hydride in a 
suitable solvent, such as dimethylformamide, followed by reaction with a 4- 
10 methoxybenzyl halide, such as 4-methoxyben2yl chloride, to give the corresponding N- 
protected derivative 14D m good yield. This intermediate can be converted directly to the 
allyl analogue 16Da, wherein = H, in a manner described earlier or converted into the 
alkyl analogue 15D which can be subsequently alkylated with a allyl halide to give the 
allyl analogue 16Db, wherein is C1-C4 alkyl. Using the same hydroboration, 
15 mesylation and amination sequence described in Scheme 2D provided both amines 18Da- 
b. Deprotection of protected quinolin-2-one could be achieved using any suitable 
deprotection conditions as those shown in Greene, For example, the 4-methoxybenzyl 
group could be cleaved cleanly using trifluoroacetic acid and anisole at 65*^C. The 
resultant product could be selectively protected on the secondary amine with a suitable 
20 nitrogen protecting group as those described in Greene. For example, the secondary 
amine can be protected with a Boc group. The reaction can be carried oxit with Boc 
anhydride in a suitable solvent such as THF to provide multi gram quantities of 19Da-b. 
Reaction of 19Da-b with various aryl bromides using the previously described N- 
arylation conditions, deprotection using suitable deprotecting conditions such as those 
25 described in Greene gave a range of final racemic targets 21Da-b or 22Da-b. For 
example, for compounds protected with a Boc group they can be deprotected in the 
presence of trifluoroacetic acid (TFA) in a suitable organic solvent such as 
dichoromethane (DCM). 

Intermediates 19Da-b wherein R^ is a halo group, for example chloro or bromo, 
30 can be used to provide compounds of formula (ID) wherein R^ is a phenyl group, such as 
compound 24D, via a Suzuki couplmg, see Scheme 4D below. 
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X 




O 
19Da-b 



N 
I 

boc 




24D 



Scheme 4D 



Intennediates 19Da-b, wherein is for ecample bromo can be N-protected with 
a suitable amide protecting group for example 4-methoxybenzyl as described in Scheme 
3D above and then coupled with phenylboronic acid mder Suzuki conditions to provide 
the phenyl analogues 23D. Deprotection of the 4-meflioxybenzyl group with TFA, 
followed by protection of the resulting secondary anune with a suitable nitrogen 
protecting group such as Boc followed by subsequent N-arylation and Boc deprotection 
using the previously described methodology gave the final target 24D. 

It will be appreciated that compounds of formula (IDa) wherein is bromo or 
chloro can be prepared as shown in Schemes ID to 4D above starting from the 
correspondmg haloquinolin-2-ones. Alternatively, they can be prepared from the 
corresponding quinolin-2-one ID wherein R^ is hydrogen as mentioned above including 
an extra step comprising the halogenation of a suitable mtermediate at some stage of the 
synthesis. For example quinolin-2-one ID in Scheme 2D can be halogenated using N- 
chlotosuccinimide in a suitable solvent such as DMF at a suitable temperature such as 
temperature to give the corresponding 6-chloro-quinolm-2-one ID wherem R^ is CI. 



roomi 
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Alternatively intermediates (19Da-b) wherein rMs H in Scheme 3D can be 
halogenated in the presence of N-chloro and N-bromosuccinimide in a suitable solvent 
such as DMF to give the corresponding 6-chloro and 6-bromoquinoUn-2-ones (20Da-c). 

H 

20Da-c 

It will be appreciated that Schemes ID to 4D above relate to methods for the 
preparation of compounds of formula (ID) wherein Ar is (i) and R^^ is hydrogen. 
Compounds of formula (ID) wherein Ar is (i) and R^"' can be other than hydrogen, can be 
prepared using any of the general methods mentioned above, starting from the 
correspondmg N-arylated quinolin-2-one 27D. A general method for preparing said 
intermediates is illustrated in Scheme 5D. Commercially available 3-(2-Bromo-phenyl)- 
propionic acids 25D can be converted to amide 26D using standard amide coupling 
conditions and converted to the N-arylated quinolin-2-ones 27D by an intramolecular, 
palladium catalysed cyclisation according to the metiiod of Buchwald et al (Tetrahedron, 
1996, 52, p. 7525). 




%2a 



25D 



26D 




Scheme 5D 
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Preparation of Compounds of Formula (IE) 
Compounds of formvda (IE) may be prepared by conventional organic chemistry 
techniques and also by soUd phase synthesis. Compounds of formula (IE) can be 
prepared via the 3-aminopyrroUdine intermediate of formula (IVE) as illustrated in Ihe 
Scheme IE below: 




OH 
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I 
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(VE) 




(vniE) 
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^NH, 



N 
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Scheme IE 

Commercially available 3-hydroxypyrroUdine of formula (JHE) wherein is 
10 hydrogen, can be protected using a suitable nitrogen-protecting group such as those 
described in T.W. Greene, "Protective Groups in Organic Synthesis", John Wiley and 
Sons New York, N.Y., 1991, hereafter referred to as "Greene". For example S-R- 
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hydroxypyrrolidioe QUE) can be protected with, a tert-butoxycarbonyl group, (boc). The 
protection reaction can be carried out for example using Boc anhydride in a suitable 
solvent such as for example tetrahydrofuran (THF) or dichloromethane (DCM) in the 
presence of a base such as tryethylamine (TEA) or 4-(dimethylamino)pyridine (DMAP). 
It wiU be appreciated that for compounds of formula (EE) wherein is C1-C2 aUsyU 
3-hydroxypyirolidine of formula (HIE) can be prepared from the readily available 3- 
pyrrolidinone via addition of tiie appropriate C1-C2 alkyl organometallic. The hydroxy 
group of the N-protected-3-hydroxypyrrolidine can be converted into a suitable leaving 
group (L) such as for example chloride, bromide, iodide or mesylate. For example the N- 
protected-hydroxypyrrolidine can be converted to the mesylate in the presence of mesyl 
chloride and a suitable base such as triethylamine m a solvent such as DCM. Said 
mesylate is subsequently displaced with the corresponding azide in a suitable solvent such 
as dimethylformamide (DMF) or dimethylsulphoxide (DMSO). This azide intermediate 
can be converted to the corre^ondingN-protected-aminopyrrolidme of formula (IVE) via 
hydrogenation in the presence of a suitable catalyst such as Palladium on charcoal and m 
a suitable solvent such as methanol or ethanol. 

For compounds of formula (IE) wherein R* is H, intermediate (TVE) can be 
alkylated via reductive alkylation with a ketone of formula R^-CO-Ari wherein R^ and 
All have the values for formiila (IE) above. The reductive alkylation can be carried out 
for example as a hydrogenation reaction in the presence of a suitable catalyst such as 
Palladium on charcoal and a suitable solvent such as for example ethanol. Alternatively, 
said reductive alkylation can be carried out in the presence of a suitable borane such as 
sodium triacetoxyborohydride, NaBH(0Ac)3 and optionally in the presence of a suitable 
acid such as acetic acid, in a suitjdjle solvent such as for example dichoroethane (DCE). 

Alternatively, intermediate of formula (VE) wherein R'* is H can be prepared as 
shown m Scheme 2E below by reductive alkylation of readily available 3- 
aminopyrrolidine of formula (VIE) wherein R^ has the values defined for formula (JE) 
above, followed by the protection of the nitrogen in the pyrrolidine ring using a suitable 
protecting group such as those defined in Greene. 
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(VIE) (vnE) 



(VE) 



Scheme 2E 

For example Ihe reductive alkyladon can be carried out in the presence of a ketone 
of formula An-CO-R^ wherein Ari and have the values defined for formula (EE) 
above. Initial condensation of the ammo pyrrolidme with the ketone is undertaken in the 
presence of a suitable acid such as p-toluenesulphonic acid, in a suitable solvent such as 
toluene. The resultant imino pyrrolidine intermediate can then be protected with for 
example a boc group. The reaction can be carried out m the presence of hoc anhydride 
and a suitable base such as DMAP, in a suitable solvent such as DCM. Said imine is 
reduced viahydrogenation in the presence of a suitable catalyst such as palladium on 
charcoal, m a suitable solvent such as ethanol to give the correspondmg amine of formula 
(VE). 

Intermediate of formula (VE) can be converted to compounds of formula (VHIE) 
via reductive alkylation with an aldehyde of formula R'-CHO, wherein R' is chosen such 
that R'-CHz = R^ and R^ has the values defined for formula (IE) above. The reductive 
alkylation can be carried out ushxg standard methods, for instance as those mentioned 
above with the ketone Ari-CO-R^. 





(VE) CvniE) 

Scheme 3£ 

For example a compound of formula (VE) can be alkylated with R'-CHO in the 
presence of a suitable borane, such as NaBH(OAc)3, optionally in the presence of an acid 
such as acetic acid, in the presence of a suitable solvent such as dichloroethane (DCE). 
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For compounds of formula (EE) wherein and R'* are hydrogen the alkylation of 
intermediate (VE) can be carried out with a compound of formula AriCHzLi wherein Li 
is a suitable leaving group such as chloro, bromo, iodo or mesylate, in the presence of a 
suitable base such as potassium carbonate and a suitable solvent such as acetonitrile, to 
give the corresponding intermediate of formula (VIIIE)*. It will be appreciated that the 
same reaction can be carried out using ArpCR^R^'-Li wherein and R*are C1-C2 alkyL 





(VE) (VIIIE)a 
Scheme 4£ 

Compounds of formula (IE) wherein R^ is -CH2-COO-(Ci-C2 alkyl) can be 
prepared by reacting intermediate (VE) with a compound of formula L2-CH2-COO-(Cj-C2 
alkyl) wherein L2 is a suitable leaving group such as for example bromo, chloro or iodo. 
Said reaction can be carried out in the presence of a suitable base such as sodium hydride, 
in a suitable solvent such as dimethylformamide. 





(VE) (VIIIE)b 
Scheme 5E 

Compounds of formula (IE) wherein R' is -(CH2)m-CF3 can be prepared by 
reacting intermediate (VE) with a compound of formula HOOC-(CH2)mi-CF3, wherein mi 
is 0, 1 or 2. The acid may be activated as its anhydride or acyl chloride, and is reacted in 
the presence of a suitable base such as triethylamine and a catalytic amount of DMAP, in 
a suitable solvent such as DCM. The resulting amide can be reduced to the amine of 
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fonnula (VIIIE)c in the presence of a suitable borane. For example, for compounds 
wherein m is 1, the reduction can be carried out in the presence of BHj-MeiS borane- 
dimethyl sulphide complex, in a suitable solvent such as THF. 




5 (VE) CVIIIE)c 

, Scheme 6E 

Compounds of formula (IE) wherein is -(Ci-Ce alkylene)-OH can be prepared 
by reacting mtermediate (VE) with an epoxide. For example for compounds wherein 
is -CH2-C(CH3) 2-OH, the intermediate of formula (VE) is reacted with 2,2- 
10 dimethyloxirane, in a suitable solvent such as aqueous ethanol. 



O 
CH3 





(VE) (ymE)A 

Scheme 7E 

Alternatively compounds of formula QE) wherem r1 is -(Ci-C6alkylene)-0H 
15 can be prepared by reacting mtermediate (VE) with an w-haloalkanoate, such as 

methylbromoacetate, in the presence of a base such a sodium hydrogen carbonate in a 
solvent such as acetonitrile. The intermediate ester is then reacted with 2 equivalents of 
methyl magaesium bromide in THF to yield the tertiary alcohol(VniE)d: 
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f r , 

• ^Kl^ R 
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(VE) 




Scheme 8E 

It wUl be appreciated that the Scheme 8E above appUes to alkylene chains longer 
5 than -CH2-- 

Compounds of formula (IE) wherein is -Cj-Ce alkenyl, -(CH2)n-S-(Ci-C3 
alkyl). -(Ci-Cs alkylene)-0-(Ci-C3 alkyl). -(C-Cs alkylene)-0-(C3-C6 cycloalkyl), -(Ci- 
Cs alkylene>S02-(Ci-C3 alkyl). -{Ci-Cs alkylene>.OCF3, or -(C1-C5 alkylene)-CN, can be 
prepared via alkylation of intemiediate (VE) with a compound of formula L2-C2-C6 
10 alkenyl, L2-(CH2)„-S-(Ci-C3 alkyl), L2-(Ci-Cs alkylene)-0-(Ci-C3 alkyl), L2-(Ci-C5 
alkylene)-0-(C3-C6 cycloalkyl), L2-(Ci-C5 alkylene)-S02-(Ci-C3 alkyl), ^-(Cx-Cs 
alkylene)-OCF3, or L2-(Ci-C5 alkylene)-CN respectively, wherein L2 is a suitable leaving 
group such as chloro, bromo, iodo or mesylate, in the presence of a suitable base such as 
potassium carbonate and a suitable solvent such as acetonitrile, to ^ve the corresponding 
1 5 intermediate of formula (VIIIE)c. 





(VB) (VIIIE)e 
Scheme 9E 

Compounds of formula (IE) wherein r' is a group of formula (i) can be prepared 
20 usmg the synthesis illustrated in Scheme lOE for compounds wherein R is 4- 

tetrahydropyranyl. The compound of formula (IVE) can be alkylated via reductive 
alkylation using standard methods, as those mentioned above with the ketone An-CO-R' 
For example compomid of formula QVE) can be alkylated with 4.tetrahydropyranone in 
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the presence of a suitable borane, such as sodium borohydride or NaBH(OAc)3, 
optionally in the presence of an acid such as acetic acid, in the presence of a suitable 
solvent such as dichloroethane CDCE). Then, the secondary amine can be alkylated with a 
compound of formula AnCHaLi wherein Li is a suitable leaving group such as chloro, 
bromo, iodo or mesylate, in the presence of a suitable base such as potassium carbonate 
and a suitable solvent such as acetonitrile, to give the corresponding intermediate of 
formula (VIIIE)f. It will be appreciated that as mentioned above flie same reaction can be 
carried out using Ari-CR^R^-Li wherein and R^are C1-C2 alkyl. 

-0 





(IVE) (vniE)f 

Scheme lOE 

It will be appreciated that for compounds of formula QE) wdierein R^ is a group of 
formula (i) and r is 1 then the reductive amination can be carried out using the same 
reaction conditions but using the corresponding homologous aldehyde of formula 




H 



instead of the corresponding 4-tetrahydropyranone. Alternatively, compounds of formula 
(IE) wherein IL is a group of formula (i) and r is 1 can be prepared via formation of an 
amide, followed by reduction of this amide bond to the corresponding amine as shown in 
Scheme HE below: 
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P 



(VIIIE)g 
Scheme HE 

The couplii^ reaction can be carried out using standard methods known in the art. 
5 The reduction of the amide bond can also be carried by general methods known in the art 
for example using the same reduction conditions as tidose used in Scheme 6, such as in 
the presence of BH3-Me2S (borane-dimethyl sulphide complex), in a suitable solvent such 
asTHF. 

Alternatively, compounds of formula QE) wherem is a group of formula (i) 
10 wherein r is 0 can be prepared by a process illustrated in Scheme 12E for compounds 
wherein -Z is hydrogen, s isl, t is 2, each R5, r6 r7 and r8 are hydrogen and -X- is - 
0-, (i.e. R* is 2-tetrahydrofiiranyl). The compound of formula (TVE) can be alkylated with 
a compound of formula: 




1 5 wherein U is a suitable leaving groiq) such as chloro, bromo, iodo, mesylate or tosylate, 
in the presence of a suitable base such as potassium carbonate and a suitable solvent such 
as acetonitrile, to give the corresponding secondary amine which can be subsequently 
alkylated with a compound of formula AriCHiLi wherein Li is a suitable leaving group 
such as chloro, bromo, iodo or mesylate, in the presence of a suitable base such as 

20 potassium carbonate and a suitable solvent such as acetonitrile, to give the corresponding 
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infcennediate of fonnxila (VniE)f. It wUl be appreciated that as mentioned above the same 
reaction can be carried out using Ari-CR^R'*-Li wherein R^ and C1-C2 alkyl. 




(IVE) 



(vin)h 



5 Scheme 12E 

The tetrahydrofiiranyl intermediates can be prepared from the corresponding 3- 
hydroxytetrahydrofuran, wherein the hydroxy group is converted into the leaving group 
using standard methods. 

Compounds of formula (DE) wherein R^ is a group of formula (i) and -X- is -SO2- 
10 can be prepared from the corresponding intermediates (VIIIE)f wherein the thioelher is 
oxidized to the corresponding sulphoxide as shown in Scheme 13E below: 





^5 Scheme ISE 

Compounds of formula (IE) wherein R' is a group of formula (ii) can be prepared 
using the synthesis illustrated in Scheme 14E for compounds wherem R^ is 
oxabicyclo[3^,l]octati-3-yl. The compound of formula (IVE) can be alkylated via 
reductive alkylation using standard methods, as those mentioned above with the ketone 

20 Ari-CO-R^ For example compound of formula (IVE) can be alkylated with 

oxabicyclo[3,2,l]octan-3-one in the presence of a suitable borane, such as sodium 
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borohydride or NaBH(OAc)3, optionally in the presence of an acid such as acetic acid, in 
the presence of a suitable solvent such as dichloroethane (DCE). Then, the secondary 
amine can be alkylated with a conqwund of formula AnCHzLi wherein Li is a suitable 
leaving group such as chloio, bromo, iodo or mesylate, in the presence of a suitable base 
5 such as potassium carbonate and a suitable solvent such as acetonitrile, to ^ve the 

correspondmg intermediate of formula (VIIIE)i. It will be appreciated that as mentioned 
above the same reaction can be carried out using Ari-CR^R^-Li wherem and R*are Ci- 
C2allcyl. 




P P ' P 



10 dVE) (vniE)j 

Scheme 14E 

The oxabicyclo[3,2,l]octan-3-one intermediate is prepared according to the 
method described in A E Hill, G Greenwood and H M R Hofi&nann JACS 1973, 95, 1338. 
It will be appreciated that for conq)ounds of formula (IE) \A4ierem R^ is a group of 
1 5 formula (i) and r is 1 then the reductive amination can be carried out usir^ the same 
reaction conditions but using the corresponding homologous aldehyde of formula 

O 

instead of the corresponding oxabicyclo[3,2,l]octan-3-one. 

Compounds of formxila (IE) wherein Ari is a substituted or unsubstituted pyridyl 

3 

20 group can be prepared by a process illustrated in Scheme 15E for compounds wherein R 
and R* are hydrogen and An is 3-phenylpyrid-2-yl. 
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(IVE) 



(vniE)k 



Scheme 15E 

The compoimd of formula (IVE) can be alkylated via reductive alkyladon using 
standard methods, as those mentioned above with the ketone Arl-CO-R^ For example 
compound of formula (JVE) can be alkylated with an aldehyde of formula: 




in the presence of a suitable borane, such as sodium borohydride or NaBH(OAc)3, 
optionally in the presence of an acid such as acetic acid, in the presence of a suitable 
solvent such as dichloroethane (DCE). Then, the secondary amine can be alkylated using 
the geheral methods described above for the incorporation of The intermediate 
aldehyde can be prepared via reduction of readily available methyl 3-phenyl picoUnate to 
the corresponding alcohol and subsequent oxidation to the aldehyde as shown in Scheme 
16E below. 




Scheme 16E 
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The reduction step can be carried out in the presence of a suitable reducing agent 
such as Utiiium borohydride in a suitable solvent such as tetrahydrofiiran. The oxidation 
to the aldehyde can be carried out under Swem conditions such as oxalyl chloride and 
DMSOinDCM. 

Compounds of formula (BE) wherein An is a substituted or unsubstituted phenyl 
group can be prepared by a process illustrated in Scheme 17E for compounds wherein R 
and R* are hydrogen and An is 2-(3-pyridyl)phenyl. 



) 




(IVE) 



(VIIIE)i 



Scheme 17E 

Hie compound of formula (IVE) can be alkylated via reductive alkylation using 
standard methods, as those mentioned above with the ketone An-CO-Rl For example 
compound of fomiula (IVE) can be alkylated with an aldehyde of formula: 




in the pres^ce of a suitable borane, such as sodium borohydride or NaBH(OAc)3, 
optionally in the presence of an acid such as acetic acid, in the presence of a suitable 
solvent such as dicWoroethane (DCE). Then, the secondary amine can be alkylated using 
the general methods described above for the incorporation of R^ The intermediate 
aldehyde can be prepared from the commercially avaUable 2-formyl phenyl boronic add 
via palladium coupling in the presence of 3-bromopyridine, a suitable palladium catalyst 
such as Pd(PPh3)4 and a suitable base such as potassium carbonate in a suitable solvent 
such as acetonitrile, as shown in Scheme 18E below. 
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Scheme 18E 

Compomds of fonnula (IE) wherem Ati is a phenyl group substituted with a 1- 
pyrazole group can be prepared by a process illustrated m Scheme 19E. 





(VIIIE)m' 



(vniEV 



Scheme 19E 

The pyra2»le group can be incorporated by reacting a compound of formula 
(VmEV. wherem L5 is a suitable leaving group such as bromo, chloro or iodo, with 
10 pyrazole in the presence of a suitable base such as potassium carbonate and a catalytic 

amount of copper iodide in & suitable solvent such as for example DMF. The compound 
of formula (VmEV can be pr^ared by any of the methods mentioned above for 
compounds wherdn Arl is a phenyl gro\q> substituted wifli a halogen atom such as 
chloro, bromo or iodo. 

15 It will be e^preciated that any of the intermediates (VIllE), (Vlllli)a-m are then 

deprotected using suitable deprotecting conditions such as those discussed m Greene, to 
give the corresponding compounds of formula (IE). For example if the protecting group is 
a boc group, the deprotection reaction can be carried out in tifluoroacetic acid m a 
suitable solvent such as DCM. Altematively the reaction, can be carried out in ethanolic 

20 hydrochloric acid. 
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N 

I 

BOC 




(IE) 



Scheme 20E 

Compoimds of fonnula (IE) wherem and R* are both hydrogen may also be 
5 prepared by solid phase synthesis by the route shown below in Sdieme 21E below. 



?u o 



O F F 



fii"4 



Scheme 21E 

The sequence is preferably performed on a polystyrene resin. The process may be 
run in a combinatorial fashion such that all possible compounds from sets of precursors 
10 AtiCHO and R^CHO may be prepared, wherein R' is chosen such that R^-CHi = R\ and 
R^ and Ari have the values defined above for formula (IE). The sequence is performed 
without characterisation of the resin-bound intermediates. In step (i) 3-trifluoroacetamido- 
pyiroUdine is bound to a solid support by reaction with 4-mtrophenyl carbonate activated 
polystyrene resin in the presence of a base, such as N J4-diisopropylethylamine, in a 
1 5 solvent such as DMF. In step (ii), the trifluoroacetamido protecting group is cleaved by 
hydrolysis with abase such as aqueous lilhium hydroxide. In step (iii) the primary amine 
is then condensed with a substituted benzaldehyde in the presence of a dehydrating agent, 
such as trimefliylorthoformate, to form the intermediate imine. In step (iv) the imme is 
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reduced with aborane reducing agent, such as sodium cyanoborohydiide, in a solvent 
such as DMF, containing acetic acid. In step (v) the resultant secondary amine is then 
reductively alkylated with an aldehyde in the presence of a reducing agent such as sodium 
tiiacetoxyborohydride in a solvent, such as DMF. In step (vi) the desired product is 
finally cleaved ftom the resin with add, such as aqueous trifluoroacetic acid. 

Preparation of Compoiinds of F ornmla (IF) 

Compounds of formula (IF) may be prepared by conventional organic chemistry 
techniques and also by solid phase synthesis. 

Compounds of formula (IF') can be prepared by the general methods illustrated 
below. It will be appreciated that the same methods can be used for compounds of 
formula (IF") with the only difference that the nitrogen atom of the quinucUdines does 
not need to be protected as it is aheady a tertiary amine as it is explained in more detail 
below with reference to Scheme IF. 

Compounds of formula (IF') can be prepared via the 3-aminopiperidme 
intermediate of formula (IVF) as illustrated in Scheme IF below: 
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P H 



(VmF) (Ip.) 

Scheme IF 

Commercially available 3-hydioxypiperidine of formvila (IIIF) vdierein is 
hydrogen, can be protected using a suitable nitrogen-protecting group such as those 
described in T.W. Greene, "Protective Groups in Organic Synthesis", John Wiley and 
Sons, New York. N.Y., 1991, hereafter referred to as "Greene". For example 3-R- 
hydroxypiperidine (IHF) can be protected with atert-butoxycarbonyl group, (boc). The 
protection reaction can be carried out for example using Boc anhydride in a suitable 
solvent such as for example tetrahydrofuran (THF) or dichloromethane (DOM) in the 
presence of a base such as trielhylamine (TEA) or 4-(dimethylamino)pyridine (DMAP). It 
will be appreciated that for compounds of formula (IF) wherein is C1-C2 alkyl, the 3- 
hydroxypiperidine of formula (IIIF) can be prepared from the readily available 3- 
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pyrrolidinone via addition of the appropriate C1-C2 alkyl organometallic. 

The hydroxy group of the N-protected-3-hydroxypiperidine can be converted into a 
suitable leaving groiq) (L) such as for example chloride, bromide, iodide or mesylate. For 
example the N-protected-hydroxypiperidine can be converted to the mesylate in the 
5 presence of mesyl chloride and a suitable base such as triefhylamine in a solvent such as 
DCM. Said mesylate is subsequently displaced with the corresponding azide in a suitable 
solvent such as dimethylformamide (DMF) or dimethylsulphoxide (DMSO). This azide 
intermediate can be converted to the corresponding N-protected-aminopiperidine of 
formula (IV) via hydrogenation in the presence of a suitable catalyst such as Palladium on 
10 charcoal and in a suitable solvent such as methanol or ethanol. 

For compounds of formula (IF) wherein R"^ is H, intermediate (IVF) cau be 
alkylated via reductive alkylation with a ketone of formula R^-CO-Ari wherein and 
Ari have the values for formula (IF) above. The reductive alkylation can be carried out 
for example as a hydrogenation reaction in the presence of a suitable catalyst such as 
15 Palladium on charcoal and a suitable solvent such as for example ethanol. Alternatively, 
said reductive alkylation can be carried out in the presence of a suitable borane such as 
sodium triacetoxyborohydride, NaBH(OAc)3 and optionally in the presence of a suitable 
acid such as acetic acid, in a suitable solvent such as for example dichoroethane (DCE). 
Altematively, intermediate of formula (VF) wherein R"* is H can be prepared as 
20 shown in Scheme 2F below by reductive alkylation of readily available 3- 

aminopiperidine of formula (VIF) wherein R^ has the values defined for formxila (IF) 
above, followed by the protection of the nitrogen in the piperidine ring xising a suitable 
protecting group such as those defined in Greene. 




25 



(VIF) (VIIF) 

Scheme 2F 
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For example the reductive alkylation can be carried out in the presence of a ketone 
of formula An-CO-R^ wherein An and have the values defined for formula (IF) 
above. Initial condensation of the amino piperidine with the ketone is undertaken in the 
presence of a suitable add such as p-toluenesulphonic acid, in a suitable solvent such as 
toluene. The resultant imino piperidine intermediate can then be protected with for 
fficample a boc group. The reaction can be carried out in the presence of boc anhydride 
and a suitable base such as DMAP, in a suitable solvent such as DCM. Said imine is 
reduced via hydrogenation in the presence of a suitable catalyst such as palladium on 
charcoal, in a suitable solvent such as ethanol to give the corresponding amine of formula 
(VF). 

Intermediate of formula (VF) can be converted to compounds of formula (VUIF) 
via reductive alkylation with an aldehyde of formula R^-CHO, wherein R' is chosen such 
that R'-CHz = R^ and R^ has tiie values defined for formula (IF) above. The reductive 
alkylation can be carried out using standard methods, for instance as those mentioned 
above with the ketone Ari-CO-R^. 

^ V 



20 



25 





(VF) 



(vmF) 



Scheme 3F 

For example a compound of formula (VF) can be alkylated with R^'-CHO in the 
presence of a suitable borane, such as NaBH(0Ac)3, optionally in tiie presence of an acid 
such as acetic acid, in the presence of a suitable solvent such as dichloroethane (DCE). 

For compounds of formula (IF) wherein R^ and R^* are hydrogen tiie alkylation of 
mtennediate (VF) can be carried out with a compound of formula A11CH2L1 wherein Li 
is a suitable leaving group such as chloro, bromo, iodo or mesylate, in the presence of a 
suitable base such as potassium carbonate and a suitable solvent such as acetonitrile, to 
give the corresponding intennediate of formula (VIIIF)a. It will be appreciated tiiat tiie 
same reaction can be carried out using Ari-CR^R'^-Li wherein R^ and R'^are C1-C2 alkyl. 
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(VF) 



(VIIIF)a 



Scheme 4F 

Compounds of formula (IF) wherein is -CH2-COO-(Ci-C2 alkyl) can be 
prepared by reacting intermediate (VF) with a compound of formula L2-CH2-COO-(Ci-C2 
alkyl) wherein L2 is a suitable leaving group such as for example bromo, chloro or iodo. 
Said reaction can be carried out in the presence of a suitable base such as sodium hydride, 
in a suitable solvent such as dimethylformamide. 

COgMe 









— N.^Ar. 




p 




(VF) 




Scheme 5F 

Compoundsof formula (IF) wherein is -(CH2)m-CF3 can be prepared by 
reacting mtermediate (VF) with a compound of formula HOOC-(CH2)(m-i)-CF3. The acid 
may be activated as its anhydride or acyl chloride, and is reacted in the presence of a 
suitable base such as triethylamine and a catalytic amount of DMAP, in a suitable solvent 
such as DCM. The resuMng amide can be reduced to tixe amine of formula (VIIIF)c in tiie 
presence of a suitable borane. For example, for compounds wherein m is 1, the reduction 
can be carried out in the presence of BHa-MejS borane-dhnethyl sulphide complex, m a 
suitable solvent such as THF. 



wo 2005/020975 



PCTAJS2004/025592 



99 



10 



15 




H 
I 

-N 



I 

P 



R* 




P 




^1. 
P 



-N^Ar, 
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(VF) 



(vinF)c 



Scheme 6F 

Compomids of formtila (IF) wherein is -(Ci-Ce alkylene)-OH can be prepared 
by reacting intermediate (VF) with an epoxide. For example for compounds wherein 
is -CH2-C(CH3) 2-OH, the intermediate of formula (VF) is reacted with 2,2- 
dimethyloxirane, m a suitable solvent such as aqueous ethanol. 

O 




CH, 




N 
1 

P 



(VF) 



(VIIIF)d 



can 



Scheme 7F 

Alternatively compounds of formula (IF) wherein r1 is -(Ci-C6alkylene)-OH 
be prepared by reacting intermediate (VF) with an o-haloalkanoate, such as 
methylbromoacetate, in the presence of a base such a sodium hydrogen carbonate in a 
solvent such as acetonitrile. The intermediate ester is then reacted with 2 equivalents of 
methyl magnesium bromide in THF to yield the tertiary alcohol(VniF)d: 

r^OH 



H 




P 



rA^ 




COaMe 



(VF) 



-N^Ar, 

rA* 



Scheme 8F 
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CVIIIF)d 
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It will be appreciated that the Scheme 8F above applies to allg^lene chaim longer 
than -CH2-. 

Compounds of fonnnla (IF) wherein is -C2-C6 alkenyl, -(CH2)n-S-(Ci-C3 
alkyl), -(C1-C5 aIkylene)-0-(Ci-C3 alkyl), -(C1-C5 alkylene)-0-(C3-C6 cycloalkyl), -(Ci- 

5 C5 alkylene)-S02-(Ci-C3 alkyl), -(C1-C5 all£ylene)-OCF3, or -(C1-C5 alkylene)-CN, can be 
prepared via alkylation of intermediate (VF) with a compound of formula L2-C2-C6 
alkenyl, L2-(CH2)„-S-(Ci-C3 alkyl), Lz-CCi-Cs alkylene)-0-(CrC3 alkyl), L2-(Ci-C5 
alkylene)-0-(C3-C6 cycloalkyl), L2-(Ci-C5 alkylene)-S02-(Ci-C3 alkyl), U-CCi-Cs 
alkylene)-OCF3, or I^-(Ci-C5 alkylene)-CN respectively, wherein L2 is a suitable leaving 

10 group such as chloro, bromo, iodo or mesylate, in the presence of a suitable base such as 
potassium carbonate and a suitable solvent such as acetonitrile, to give the corresponding 
intermediate of formula (VIIIF)©. 




(VF) (VIIIF)e 
15 Scheme 9F 

Compounds of formvda QF) wherein is a group of formula (i) can be prepared 
using the syndiesis illustrated in Scheme lOF for compounds wherein R^ is 4- 
tetrahydropyranyl. The compound of formula (IVF) can be alkylated via reductive 
alkylation using standard methods, as those mentioned above with the ketone Ari-CO-R . 

20 For example a compound of formula (TVF) can be alkylated with 4-tetrahydropyranone in 
the presence of a suitable borane, such as sodium borohydride or NaBH(OAc)3, 
optionally in the presence of an acid such as acetic acid, in the presrace of a suitable 
solvent such as dichloroethane (DCE). Then, the secondary amine can be alkylated with a 
compound of formula AriCHiLi wherein Li is a suitable leaving group such as chloro, 

25 bromo, iodo or mesylate, in the presence of a suitable base such as potassium carbonate 
and a suitable solvent such as acetonitrile, to give the corresponding intermediate of 
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fonnula (VIIIF)f. It will be appreciated that as mentioned above Hie same reaction can be 
carried out using Ari-CR^R'*-Li wherein and RVe C1-C2 alkyl. 

-Q 





(TVF) 



(vniF)f 



Scheme lOF 

It will be appreciated that for compounds of formula (IF) wherein R is a group of 
formula (i) and r is 1 then the reductive amination can be carried out using the same 
reaction conditions but using the corresponding homologous aldehyde of formula 




10 instead of the corresponding 4-tetrahydropyranone. Alternatively, compounds of formula 
(IF) wherein R^ is a group of fonnula (i) and r is 1 can be prepared via formation of an 
amide, foUowed by reduction of this amide bond to the corresponding amine as shown in 
Scheme IIF below: 
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(VIIIF)g 

Scheme IIF 

The coupling reaction can be carried out using standard methods known in the art 
The reduction of the amide bond can also be carried out by general methods known in the 
art for example using the same reduction conditions as those used in Scheme 6F, such as 
in the presence of BHa-MezS (borane-dimethyl sulphide complex), in a suitable solvent 
suchasTHF. 

Alternatively, compounds of formula (JF) wherein R is a group of formula (i) 
wherein r is 0 can be prepared by a process iUustrated m Scheme 12F for compounds 
wherein -Z is hydrogen, s isl , t is 2, each r5, r6, r7 and R^ are hydrogen and -X- is - 
0-, (i.e. R^ is tetrahydrofuran-3-yl). The compound of formula (TVF) can be alkylated 
with a compound of formula: 




wherein U is a suitable leaving group such as diloro, bromo, iodo, mesylate or tosylate, 
m liie presence of a suitable base such as potassium carbonate and a suitable solvent such 
as aoetonitrile, to give the corresponding secondary amine which can be subsequently 
alkylated with a compound of formula AriCH2Li wherein Li is a suitable leaving group 
such as chloro, bromo, iodo or mesylate, in the presence of a suitable base such as 
potassmm carbonate and a suitable solvent such as aoetonitrile, to give the corresponding 
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intennediate of formtila (VIIIF)f. It wUl be appreciated that as mentioned above the same 
reaction can be carried out using Ari-CR^R^-Li wherein and RVe C1-C2 alkyl. 



10 



15 



20 




(IVF) 



(VIIIF)h 



Scheme 12F 

The tetrahydrofuranyl intermediates can be prepared from the corresponding 3- 
hydroxytetrahydrofuran, wherein the hydroxy group is converted into the leaving group 
using standard methods. 

Compounds of formula (IF) wherein R* is a group of formula (i) and -X- is -SO2- 
can be prepared from the corresponding mtermediates (VIIIF)f wherein the thioether is 
oxidized to the corresponding sulphoxide as shown in Schme 13F below: 





(VIIIFV 



(vniF)i 



Scheme 13F 

Ck)mpounds of formula (IF) wherein is a group of formula (ii) can be prepared 
using the synthesis illustrated in Scheme 14F for compounds wherein R is 
oxabicyclo[3,2,l]octan-3-yl. The compound of formula (IVF) can be alkylated via 
reductive alkylation using standard methods, as those mentioned above with the ketone 
Ari-CO-R^. For example compound of formula (IVF) can be alkylated with 
oxabicyclo[3 Al]octan-3-one in the presence of a suitable borane, such as sodium 
borohydride or NaBH(OAc)3, optionally in Ihe presence of an acid such as acetic acid, in 



wo 2005/020975 



PCTAJS2004/02S592 



104 

the presence of a suitable solvent such as dichloroethane (DCE). Then, the secondary 
amine can be alkylated with a compound of formula AnCHzL, wherein Li is a suitable 
leaving group such as chloro, bromo, iodo or mesylate, in the presence of a suitable base 
such as potassium carbonate and a suitable solvent such as acetonitrile, to give the 
corresponding intermediate of formula (VIIIF)j. It will be appreciated Hiat as mentioned 
above the same reaction can be carried out usiing An-CRV-Li wherein and R^are Ci- 
Czalkyl. 



10 



15 




CVIIIF)j 
Scheme 14F 

The oxabicyclo[3,2,l]octan-3-one intermediate is prepared according to the 
method described in A E Hill, G Cireenwood and H M R Hof&nann JACS 1973, 95, 1338. 
It will be ^predated that for compounds of formula (IF) wherem R is a group of 
formula (i) and r is 1 then the reductive amination can be carried out using tiie same 
reaction conditions but using tiie corresponding homologous aldehyde of formula 

-O 




instead of the corresponding oxabicyclo[3,2,l]octan-3-one. 

Compounds of formula (BP) wherein An is a substituted or unsubstituted pyridyl 
group can be prepared by a process illustrated in Scheme 15F for compounds wherein R 
20 and R* are hydrogen and Ari is 3-phenylpyrid-2-yl. 
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(VIIIF)k 



Scheme 15F 

Tl,e compound of formula (IVF) can be alkylated via reductive alkylation using 
standardmethods, as lixosementianed above with^eketoneM-CO.R^Porexa^^^ 

compound of formula (V^) can be alkylated with an aldehyde of formula: 




in the presence of a suitable borane. such as sodium borohydride or NaBH(0Ac)3, 
optionallyinthepiesenceofanacidsuchasaceticacid,inthepresenceofasmtable 

solvent such as dicMoroethaneCDCE). Then, the secondary amine canbealkyl^^^ 
the generalmethods described above for theincorporationofR^The intermediate 
aldehyde canbe prepared viareduction of readily available meflaylS-phenylpicoli^^ 
the corresponding alcohol and subsequent oxidation to the aldehyde as 

16F below. 





MeOOC 




15 



Scheme 16F 
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The reduction step can be carried out in the presence of a suitable reducing agent 
such as Uthium borohydride in a suitable solvent such as tetrahydrofuran. The oxidation 
to the aldehyde can be carried out under Swem conditions such as oxalyl chloride and 
DMSOinDCM. 

Compounds of formula (IF) wherran Ari is a substituted or unsubstituted phenyl 
group can be prepared by a process illustrated in Scheme 17F for compounds wherein R 
and r'* are hydrogen and An is 2-(3-pyridyl)phenyl. 
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(IVF) 



(VIIIF)i 



Scheme 17F 

The compound of formula (IVF) can be alkylated via reductive alkylation using 
standard methods, as those mentioned above with the ketone An-CO-R^ For example 
compound of formula (IVF) can be alkylated with an aldehyde of formula: 




in the presence of a suitable borane, such as sodium borohydride or NaBH(OAc)3, 
optionaUy in the presence of an acid such as acetic acid, in the presence of a suitable 
solvent such as dichloroethane (DCE). Then, the secondary amine can be alkylated using 
the general methods described above for the incorpomtion of R^ The intermediate 
aldehyde can be prepared from the commercially avaUable 2-formyl phenyl boronic acid 
via palladium coupling in the presence of 3-bromopyridine, a suitable palladium catalyst 
such as Pd(PPh3)4 and a suitable base such as potassium carbonate in a suitable solvent 
such as acetonitrile, as shown in Scheme 18F below. 
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Scheme 18F 

Compounds of fonnula (IF) wherein An is a phenyl group substituted with a 1- 
pyrazole group can be prepared by a process Ulustrated in Scheme 19F. 

/I. 




R N^^N 




(vniFV 



(vniF)„ 



20 



Scheme 19F 

The pyrazole group can be incorporated by reacting a compound of formula 
(VmFV. wherein L5 is a suitable leaving group such as bromo, chloro or iodo, with 
pyrazole in the presence of a suitable base such as potasswm carbonate and a catalytic 
amount of copper iodide in a suitable solvent such as for example DMF. The compound 
of formula (VIIIFV can be prepared by any of the methods mentioned above for 
compounds wherein Arl is a phenyl group substituted with a halogen atom such as 

chloro, bromo or iodo. 

It will be appreciated that any of the mtermediates (VmF), (VUIFVm are then 
deprotected using suitable deprotecting conditions such as those discussed in Greene, to 
give the corresponding compounds of formula (IF). For example if the protecting group is 
a boc group, the deprotection reaction can be carried out in trifluoroacetic acid in a 
suitable solvent such as DCM. Alternatively the reaction can be carried out in ethanoUc 
hydrochloric acid. 
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boc 




(IF) 



Scheme 20F 

Compounds of formula (IF) wherein and R* are both hydrogen may also be 
prepared by solid phase synthesis by the route shown below as Scheme 21F. 



o 



F 



iii 



iv 




VI 



U A.' 



Scheme 21F 

The sequence is preferably performed on a polystyrene resin. The process may be 
run in a combmatorial fashion such that all possible compounds from sets of precursors 
AriCHO and R'CHO may be prepared, wherein R^ is chosen such that R^-CHa = R\ and 
R^ and An have the values defined above for formula (IF). The sequence is performed 
without characterisation of the resin-bound intermediates. In step (i) 3-trifluoroacetamido- 
piperidine is bound to a soUd siq)port by reaction with 4-nitrophenyl carbonate activated 
polystyrene resin in the presence of a base, such as N,N-diisopropyle1hylamine, in a 
solvent such as DMF. In step (ii), the trifluoroacetamido protecting group is cleaved by 
hydrolysis with a base such as aqueous lithium hydroxide. Id step (iii) the primary amine 
is then condensed with a substituted benzaldehyde in the presence of a dehydrating agent, 
such as trimethylorthoformate, to form the intermediate imine. hi step the mune is 
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reduced with a borane reducing agent, such as sodium cyanoborohydride, in a solvent 
such as DMF, contaiiiing acetic acid. In step (v) the resultant secondary amine is then 
reductively alkylated with an aldehyde in the presence of a reducing agent such as sodium 
triacetoxyborohydride in a solvent, such as DMF. In step (vi) the desired product is 
finally cleaved fi:om tiie resin with acid, such as aqueous trifluoroacetic acid. 



Prenaratfon of Compounds of Formula (IG) 

Compounds of formula (IG) may be prepared by conventional organic chwnistry 
techniques fromN-protected-2-cyanomoipholines as outUned in Error! Reference source 
not found.G below, wherein R and R^ have the values defined for formula (IG) above and 
P is a suitable nitrogen protecting group such as those described in T.W. Greene, 
"Protective Groups in Organic Synthesis", John Wiley and Sons, New York, N.Y., 1991, 
hereafter referred to as "Greene". For example a suitable nitrogen protecting group is a 
benzyl group: 

O u O 




R-^^-^R. ""r^-n^r 



p 

(piG) 



P 

ono). 



Scheme IG 

The phenyl ketone (IIIG) can be obtained by reaction of N-protected-2- 
cyanomorpholine with a Grignard reagent, followed by acid hydrolysis to give the 
racemic phenyl ketone which may be separated on chiral HPLC. 

Compounds of formula (IG) can be prepared &om the N-protected morpholine 
ketone intermediate of formula (HIG), as illustrated m Error! Reference source not 
found.G below: 
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(KG) 



(vmc) 



(VUG) 




(VIG) 



Scheme 2G 

The ketone is stereoselectively reduced to the corresponding (2S) or (2R) alcohol 
of formula (IVG) or (IVG)a using standard methods known in the art. For example it can 
be reduced in the presence of [(-)-B-chlorodiisopinocampheylborane] in a suitable solvent 
such as tettahydrofiiran (THF) to provide Ihe (2S) alcohol. 

The resulting alcohol is then transformed into a suitable leaving group L. Suitable 
leaving poups include halo groups, such as bromo, chloro or iodo and sulfonate groups, 
such as mesylate. When L is a halo group, the alcohol used will be the (2S) enantiomer 
(IVG) and it will be reacted with inversion of stereochemistry. For example, when L is 
bromo, the bromination reaction can be carried out in the presence of a brominating agent 
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such as triphenylphosphine dibromide, in a suitable solvent such as chloroform. When L 
is a mesylate group, the alcohol used will be the (2R) enantiomer (IVG)a and it wiU be 
reacted with retention of stereochemistry in the presence of mesylate chloride and a 
suitable base. 

5 The resulting intermediate of formula (VG) can then be converted into the 

corresponding methylethanethioate of formula (VIG) via displacement of the leaving 
group with a suitable thiolacetate salt such as potassium ihiolacetate m the presence of a 
suitable solvent such as a mixture of dimethylformamide (DMF) and tetrahydro&ran 
(THF). 

10 The methanethiol intermediate of formula (VflG) can be prepared via reaction of 

the methylethanethioate (VIG) with a suitable thiomethoxide such as sodium 
thiomethoxide in the presence of a suitable solvent such as methanol (one can use a 
variety of bases but thiomethoxide is preferred because it also acts as a reducing agent 
and prevents oxidation of thiol hence inhibiting dimerisation; Ref: O.B.Wallace & 
15 D.M.Sprmger, Tetrahedron Letters, 1998, 39 (18). pp2693-2694). 

The pyridyl portion of the molecule is mcorporated via general methods known in 
the art. A particularly useful method is flie reaction of tiie methanettiiol (VHG) witii a 
compound of the formula 




(vino) 

20 wherein has the values defined above and Li is a suitable leavmg group such as fluoro, 
bromo, chloro, iodo or mesylate, in the presence of suitable base such as sodium hydride, 
cesium fluoride or sodium melhoxide, in a suitable solvent such as DMF. 

Compounds of formula QG) wherein -X- is -O- can be prepared in an analogous 
fashion by reaction of the (2S) alcohol of formula (TVG) witii a compound of formula 

25 (VmG) above. 

The final step for the preparation of compounds of formula QG) comprises 
deprotection of the morpholine ring. Conditions for the deprotection depend on the 
protecting group chosen. Suitable deprotecting conditions can be found in Greene. For 
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example when the nitrogen protecting group is a benzyl group, the deprotection reaction 
can be carried out in the presence of polymer supported diisopropylamine (PS-DDBA) and 
1-chloroethyl chloroformate (ACE-Cl) in a suitable solvent such as dichloromethane, 
followed by reaction with methanol to give compoxmds of formula (IG). 

Compounds of formula (IG) can alternatively be prepared by the derivatisation of 
a suitable substituent in the pyridyl ring to give the desired substituent as shown in 
Scheme 3G below. For example compounds of formula (IG) wherein -R^ is -CF3 can be 
prepared via reaction of the intermediate (DCG)' wherein L2 is introduced into the 
molecule in place of R^ in formula (VIIIG) as shown m Error! Reference source not 
foxmd.G above. The group L2 is a suitable leaving group such as for example iodo, 
bromo, chloro or fluoro. The leaving group is converted into a trifluoromethyl group via 
reaction in the presence of copper iodide, a stiitable base such as for example potassium 
fluoride, and a suitable source of a trifluoromethyl group such as for example 
(1rifluoromefhyl)trimethylsilane, in a suitable solvent such as for example a mixture of 
DMF and N-methyl-pyrrolidmone (NMP). The resulting compound of formula (XG) is 
deprotected using the methodology described above. 




CP, 




(IG) wherein = CF3 



(XG) 

Scheme 3G 

Compounds of formula (IG) wherein -X- is -S- can alternatively be prepared 
dhectly from the intermediate methylethanethioate of formula (VIG) as illustrated in 
Error! Reference source not found.G below. 
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(VD 



(Vffl) 



(T) wherein -X- is -S- 



(DQ wherein -X- is -S- 
Scheme 4G . 

The reaction can be carried out via general methods known in the art. For 
example, the intermediate (VIG) can be reacted with a compound of formula (VfflG), 
wherein and Li have the values defined above, in the presence of a suitable base such 
as sodium methoxide, m a suitable solvent such as for example DMF. 

The resulting compound of formula (DCG) wherem -X- is -S- is then deprotected 
usmg Ihe methods described above for Error! Reference source not found.G to give a 
compound of formula (IG) wherein -X- is -S-. This method is particularly useful when Li 
and are halogen groups such as for example fluoro and bromo respectively. 
Alternatively, the reaction can be carried out in the presence of a suitable base such as 
sodium hydroxide in a suitable solvent such as a mixture of ethanol and water. This 
method is particularly useful when Li is a halogen group and - R^ is -CN or -CONR^ , 
wherein R^ and R'^ have the values defmed for formula (IG) above. 

Compounds of formula (IG) wherein -X- is -S- can also be prepared via an 
alternative method using the intermediate of formula (VG) as illustrated below in Error! 
Reference source not found.G. 



L 

R ^ - 




P 

(VG) 



R^^R 

R ^ R 



(KG) wherem -X- is -S- 
Scheme 5G 



(IG) whereia -X- is -S- 
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The leaving group of intermediate (VG) is displaced with a suitable thiol of 
formula (XIG) wherein has the values defined for formula (IG) above, in the presence 
of a suitable base such as potassium carbonate, in a suitable solvent such as DMF. The 
resulting mtermediate of formula (IXG) wherein -X- is -S- is then deprotected as 
5 described in Error! Reference source not found.G above. 

The intermediate of formula (VUIG) above (including analogs wherein L2 is 

introduced in place of r1) often commercially available. This is the case for 
intermediates wherein Li is a halogen group and R^ (or L2) has the values selected from 
H, methyl, halo, cyano, trifluoromethyl, NH2, CO2H, CONH2. SO2H, SO2NHCH3, 

10 NCOCCI3 and NS02Ph. 

Intermediates of formula (VfflG) wherein is a group of formula (i) can readily 
be prepared via methods known in the art. We illustrate below 3 methods for the 
preparation of compounds of formula (VDIG) wherein R^ is a group of formula (i) and - 
Z- has the value of a bond (Error! Reference source not found.G), -CH2- (Error! 

15 Reference source not fo\md.G) or ~0- (Error! Reference source not found.G). It will be 
appreciated that these methods are only illustrative as there are many other alternative 
methods known in the art which can be used. 

As mentioned above, intermediates of formula (VIIIG) wherein R^ is a group of 
formula (i) and -Z- is a bond can be prepared via palladium coixpling as illustrated in 

20 Error! Reference source not found.G below. 

(XHQ (XmG) (VmG) whereinRiisagro^of 

ftmnfla (i) and -Z- is a bond 

Scheme 6G 

25 The reaction is carried out via reaction of readily available pyridines of formula 

(XnG) wherein Li has the values mentioned above and L3 is a suitable leaving group 
such as for example a halogen group such as bromo or chloro, with the corresponding 
phenylboronic acid of formula (XmG), hi the presence of a suitable palladium catalyst 
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such as for example paUadium acetate, a suitable Ugand such as triphenylphosphine, in a 
suitable solvent such as acetonitrile. Alternative palladium catalysts are known in the art, 
for example bis(ben2»mtrile)palladium(n)dichloride can be used in the presence of a 
suitable Ugand such as for example bis(diphenylphosphine)butane and a suitable base 
such as sodium carbonate in a suitable solvent such as for example ethanol, to give good 
yields of intermediate of formula (VHIG) vdierein r1 is a group of formula (i) and -Z- is 
a bond. 

Intermediates of formula (VHIG) wherein r1 is a group of formula (i) and -Z- is - 
CH2- can be prepared by the method illustrated in Error! Reference source not found.G 
below. 

POVG) pcvG) 

Readily available pyridine compounds of formula (XIV G) wherein Li has the 
values mentioned above (preferably fluoro) are reacted with suitable benzaldehydes of 
formula (XVG), wherein R^ has the value defmed for formula (IG) above, in the presence 
of a suitable base such as for example n-butyllithium or lithium diwopropylamide, in a 
suitable solvent such as THF, to give the alcohol of formula (XVIG). Said alcohol is then 
reduced to give the corresponding benzyl derivative (VHIG) wherein r1 is a group of 
formula (i) and -Z- is -CH2- via hydrogenation, in the presence of a suitable catalyst such 
as for example palladium on charcoal, in a suitable solvent such as for example ethanol. 

Intermediates of formula (VIHG) wherein r1 is a group of formula (i) and -Z- is - 
O- can be prepared by the method illustrated below in Error! Reference source not 
foxmd.G. 



OH 




(XVIG) (VmG) wherein Rl is a groi .p of 

formula (i) and -Z- is • CH2- 

Scheme 7G 



wo 2005/020975 



PCT/US2004/025592 



10 



15 



116 




(HO)2B- 




CXVHG) 



(xniG) 



(VniG) wherein is a group of formula (i) 
and -Z- is -O- 



Scheme 8G 

Readfly available pyridinols of fomula (XVnO), wherein Li has the val^^ 
mentioned above react with phenylboronic acids of formula QOnG) in the presence of 
copper(II)acetate, powdered 4A molecular sieves, and a suitable base such as 
triethylamine, in a suitable solvent such as for example dichloromethane to give 
intermediates of formula (VHIG) wherein r1 is a group of formula (i) and -Z- is -0-. 

Compounds of formula (JG) wherein -X- is -O- may also be prepared by 
conventional chemistry techniques from the (IK) alcohol (IVG)a using standard methods 
known in the art. For exanq)le as shown in Scheme 9G by reaction of said alcohol willi a 
pyridine of the formula (XVinG) or Ihe ketone taulomer of this pyridine wherein has 
the values defined for formula GG) above, in the presence of a suitable phosphine such as 
triphenyl phosphine and diethyl azodicarboxylate, usmg an appropriate solvent such as 
THF, dimethoxyethane, (DME), or chloroform (CHCI3), as described by D.L. Comins 
and G. Jianhua, in Tetrahedron Letters, 1994, 35 (18). pp2819-2822. This reaction is 
usually carried out wifti mversion of the stereocentre to (2S) 



R H 



R> 
R' 



R 



R '\ R 
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OVG), 



HO N 

(XvniG) 



R 1 R 
p 



(IG) wherein -X- is -O- 



Scheme 9G 



20 As previously mentioned, compounds of formula (IG) wherein -X- is -O- may 

alternatively be prepared by the reaction of the (2S) alcohol (IVG) with a pyridine of the 
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formula (VfflG), where Li is preferably chloro and has Ihe values defined for formula 
(IG) above, using a suitable base such as potassium hydroxide, m a suitable solvent such 
as benzene or toluene, in the presence of a suitable phase transfer catalyst such as 1 8- 
Crown-6 as described by AJ.S. Duggan et al, in Synthesis, 1980, 7, p573. 



R 




R I R Lr^N^ R 1 R 



deprotect 



P 

(IVG) 



(vniG) 



(DCG) wherein -X- is -O- 
Scheme lOG 



(IG) wherein 
-X- is -O- 



Compounds of formula aO) wherein -X- is -O- may alternatively be prepared by 
the reaction of mtermediate (VG) wherem L is Br with a pyridine of the formula (YIHG) 
10 wherein -Li is -OAg and R' has the values defined for formula (IG) above, in a non-polar 
solvent stwh as benzme, as described by U.Schollkopfef a/, inizeWg^^m Chem. 1972, 
765, ppl53-170 and G.C. Hopkins etdl, mJ. Org. Chem. 1967, 32, pp4040. 



15 It will be appreciated that compounds of Formulae (lA), (IB), (IC), (ID), (IE), (IF) 

and QQ) above possess one or more asymmetric carbon atoms, and that in the present 
invention specific individual stereoisomers are preferred. In the present specification, 
where a structural formula does not specify the stereochemistry at one or more chiral 
centres, it encompasses all possible stereoisomers and all possible mixtures of 

20 stereoisomers (including, but not limited to, racemic mixtures), which can result firom 
stereoisomerism at each of the one or more chiral centers. 

The followmg examples illustrate compounds of of Formula (lA) above and 
methods for tiieir preparation. 
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ir/riim plelA!N-f2-methvlDroDVlVN4(2-fluoro nhenvnmetbvllnineridm-4-amine 
fumarate 

To a dry boiling tube (50 ml), under nitrogen, was added tert-butyl-4-(2-methyi- 
5 propylamino)-piperidine-l-carboxylate (0.200g, 0.780 mmol), 2-fluorobenzaldehyde 
(0.087 ml, 0.102g, 0.819 mmol), and titanium isopropoxide (0.268 ml, 0.937 mmol) to 
give a yellow/orange solution. This was heated to 90°C for 2 horns. Solution cooled, and 
elhattol (5 ml) added. Sodium borohydride (0.030g, 0.780 mmol) was then added and 
allowed to stir for 2 days. Further sodium borohydride (0.300g, 7.80 nmiol) was added, 
10 and after 6 hours, this was diluted with methanol (10 ml) with stirring for 20 hours. This 
was concentrated in vacuo, dissolved in dichloromethane (5 ml), and acedc anhydride 
(0.371 ml, 39.00 mmol) added with stirring for 30 minutes. Solution was diluted with 
methanol (10 ml), and passed through an SCX-2 column to ^ve an oil (O.lSOg, 0.412 
mmol). 

1 5 The resultant oil was dissolved in dichloromethane (5 ml), and trifluoroacetic acid 

(2 ml) added. Reaction was monitored by thin layer chromatography (100% ethyl acetate; 
reactaat. r.£ 0.4, product r.f. 0.0). After 2 hours, reaction was concentrated in vacuo, 
azeotroped with dichloromethane (c.a. 25 ml), taken up m methanol (c.a. 5 ml), and 
passed through an SCX-2 column. The resultant colourless oil was pnrified using reverse 
20 phase chromatography, concentrated in vacuo, taken up in 5 M hydrochloric acid (1 0 ml), 
and heated to 90''C for 3 hours. This solution was fteeze dried to give an oil (0.049g, 
0.185 mmol). Resultant oil was passed through an SCX-2 column, dissolved in aqueous 
acetonitrile (c.a. 20 ml), and fumaric acid (0.0214g, 0.1850 mmol) added. After 5 
mmutes, this was freeze dried to give a white solid (0.070g, 0.185 mmol) as the title 
25 compound. 5h (300 MHz, MeOD) 7.47 (IH, t, Ar), 7.25 (IH, m, Ar), 7.13 (IH, X, Ar), 
7.02 (IH, t, Ar), 6.70 (2H, s, fumarate), 3.21 (2H, s, NCH2Ar), 3.45 (2H, d, CH), 2.95 
(2H, t,CH), 2.82 (lH,t,CH), 2.29 (2H,d,NCH2), 2.00 (2H,d,CH), 1.80 (2H, t, m), 1.68 
(IH, t, CH), 0.85 (6H, d, CHMe2). LCMS 12 minute gradient, Rt = 1.99 mms, (IvT+l) = 
265.2 
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F.^am ple 2A: N-(33-dimethvlbutvn-N-r(2-biphenvftmethv npiperidm-4-amme 
fnmarate 

To a 100 ml round bottomed flask, under nitrogen, was added the 1,1- 
dimethylethyl 4-[(2-bromophenybnethyIX 3,3-dimethylbutyl)amino]piperidine-l- 
5 cafboxylate (0.675 g, 1.49 mmole, l.Oeq.), phenylboronic acid (0.363 g, 2.98 mmole, 2.0 
eq.), dichlorobis(triphenyIphosphine)paUadium(II) (0.104 g, 0.15 mmole, 0.1 eq.), sodium 
carbonate (0,158 g, 2.98 mmole,2.0 eq.) and a 1:1 mixture of tetrahydrofuran : water (50 
ml). The mixture was heated at 90°C for two hours. The reaction mixture was allowed to 
cool then poured into diethyl ether (100 ml). This organic mixture was washed with a 
10 solution of sodium hydroxide (2M, aqueous, 80 ml) then concentrated in vacuo to give a 
dark yellow oil (1.18 g). This oil was purified by automated flash chromatography using 
an ISCO Combiflash system (SiOa (120 g); 0-10% methanol (+5% 7M NHj/MeOH) in 
dichloromethane gradient elution over 40 mmutes) to give a yellow oil (0.683 g). This oil 
was ftoiher purified by automated flash chromatography usii^ an ISCO Combiflash 
15 system (SiOa (120 g); ethyl acetate gradient elution over 40 minutes) to give 1,1- 
dimethylethyl4^[({2-biphenyl}methyl)(3,3-dimethylbutyl)amino]piperidine-l- 
carboxylate as a yellow oil (0.549 g, 82%). To a solution of this oil (0.549 g, 1 .22 mmole, 
1 .0 eq.) in dichloromethane (10 ml) was added trifluoromethanesulfonic acid (TFA) (1 .36 
ml, 18.27 mmole, 15 eq). The solution was stirred for one hour at room temperature. 
20 Solvent and TFA were removed in vacuo. The resulting oil was taken up in methanol and 
loaded onto an SCX-2 (10 g) column. The column was washed with metiianol (50 ml). 
Basic material was then eluted usmg 2N ammonia m methanol (50 ml). Removal of 
solvent firom the anrnionia/methanol mixture under vacuum, gave a colourless oil (0.27 
g). This oil was purified on the Biotage Parallel Flex Purification System (UV-guided 
25 HPLC) followed by SCX-2 treatment (to obtain the free base) to give a colourless oil 
(0.132 g). To a solution of this oil in methanol was added a solution of fiomaric acid 
(0.044 g g, 0.38 mmole, 1 eq) in methanol. The mixture was left to stir for a couple of 
minutes, ethyl acetate and cyclohexane were then added. The resulting precipitate was 
collected by filtration to ^ve tiie title compound as a white solid (0.121 g, 17%). Sh (300 
30 MHz, MeOD) 7.50-7.47 (IH, m, ArH), 7.35-7.18 (7H, m, ArH), 7.10-7.07 (IH, m. ArH), 
6.61 (3H, s, firaiarate CH), 3.58 (2H, s, CHaAr), 3.25-3.24 (2H, m, NCH2), 2.74 (2H, dt, 
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. NCH2), 2.67-2.57 (IH, m, NCH), 2.34-2.29 (2H, m, NCH2), 1.65-1.45 (4H, m, CCH2), 
1.13-1.08 (2H, m, CHafBu), 0.70 (9H, s, CH3); LCMS 12 min, Rt = 4.3 min, (M*+l) = 
351. 

5 TCTcamnle 3 At N-r2-ethvlbutvi:WN-U2-biDhenvftipcthvllpiDeri diii-4-ainiiie fiimarate 

As method previously described for Example 2A, using 1,1-dimethyIetiiyI 4-[(2- 
bromophenylme1hyl)(2-ethylbutyl)amino]piperidine-l-carboxylate. Isolation of Hoe 
fumaiate salt from methanol, diethyl ether, cyclohexane yielded the title compound as a 
white solid (0.238 g, 34%). 5h (300 MHz, MeOD) 7.59-7.57 (IH, m, ArH), 7.45-7.27 
10 (7H, m, ArH), 7.19-7.16 (IH, m, ArH), 6.69 (1.5H, s, ftimarate CH), 3.62 (2H, s, CHaAr), 
3.34-3.32 (2H, m, NCH2), 2.79 (2H, dt, NCH2), 2.66-2.57 (IH, m, NCH), 2.21 (2H, d, 
NCH2), 1.64-1.50 (4H, m, CCH2), 1.38-1.17 (5H, m, CH(CH2Me)2), 0.78 (6H, t, CH3); 
LCMS 12 min, Rt = 5.1 min, (M^+1) = 351. 

IS ir.^am ple4A:N>(cvcloheYyhnethvlVN-Ff2-biphenv r>methvnpineri<lin-4-amine 
ftimarate 

(i) To a solution of cyclohexyhnethylamine (0.461 g, 4.08 mmole, 1 .02 eq.) in 
1,2-dichloroethane (10 ml) was added l-Boc-4-piperidone (0.797 g ml, 4.00 mmole, 1.0 
eq.). To this was added a solution of sodium triacetoxyborohydride (0.865 g, 4.08 mmole, 
20 1 .02 eq.) in dimethylformamide (2 ml). This mixture was left to stir under nitro^n, at 
room temperature, over the weekend. To the reaction mixture was then added water (10 
ml) and the mixture stirred vigorously for several minutes. The chlorinated organic layer 
was then run through a hydrophobic Mt then diluted with methanol (10 ml) and loaded 
onto an SCX-2 (10 g) column. The column was washed with methanol (50 ml) then basic 
25 material eluted with 2N ammonia in methanol. The ammonia/metiianol solution was 
concentrated in vacuo to give a pale yellow oU (1.2 g). This was purified by automated 
flash chromatography using an ISCO Combiflash system (SiOa (40 g); 0-10% methanol 
in ethyl acetate gradient elution over 40 minutes) to give 1,1-dimethylethyl 4- 
[(cyclohexylmethyl)amino]piperidine-l-carboxylate as a colourless oil (0.98 g, 83%). 5h 
30 (300 MHz, CDCI3) 4.03-4.00 (2H, m, NCH2), 2.83-2.75 (2H, m, NCH2), 2.60-2.49 (IH, 
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m,NCH), 2.45 (2H, d, NCH2), 1.18-0.83 (15H, m, CCH2), 1.45 (9H, s. OC(CH3)3); 
LCMS 6 min, Rt = 2.7 min, (M^+1) = 297. 

(u) To a solution of 1,1-diinethylethyl 4-[(cyclohexylinethyl)amino]piperidme-l- 
carboxylate (0.245 g, 0.840 mmole, 1.0 eq.), 2-plieaylbenzyl bromide (0.185 ml, 1.01 
5 . mmole, 1.2 eq.) in dry acetonitrile (5 ml) was added anhydrous potassium carbonate (0.19 
g, 1.35 mmole, 1.6 eq.). The mixture was stirred overnight at room temperature. 
The reaction mixture was concentrated under vacuum to give a white soUd. The white 
soUd was taken up in dichloromefliane (10 ml) and this washed with water (10 ml). The 
dichloromethane layer was passed through a hydrophobic Mt then diluted with methanol 
10 (10 ml). This solution was loaded onto an SCX-2 (10 g) column. The column was washed 
with methanol (50 ml) then basic material was eluted using 2N ammonia m meUianol (50 
ml). Concentration of the ammonia/methanol solution under vacuum yielded a colourless 
oil (0.344 g, 90%). To a solution of this oil (0.344 g, 0.74 mmole. 1.0 eq.) in 
dichloromethane (10 ml) was added trifluoroacetic acid (TFA) (0.83 ml, 1 1.2 mmole, 15 
15 eq). The solution was stirred overnight at room temperature. Solvent and TFA were 

removed in vacuo. The resulting oil was taken up in methanol and loaded onto an SCX-2 
(10 g) column. 'nie column was washed with methanol (50 ml). Basic material was then 
eluted using 2N ammonia in methanol (50 ml). Removal of solvent ftom the 
ammonia/methanol mixture under vacuum, gave a colourless ofl (0.298 g, 99%). The oil 
20 was taken up in methanol. To this solution was added a solution of fumaric acid (0.095 g, 
0.08 mmole, 1 eq)inmethanolfollowedby diethyl eflier and cyclohexane. The resulting 
precipitate was collected by filtration to give the title compound as a white solid (0.302 g, 
76 %). 5h (300 MHz, MeOD) 7.58 (IH, d, ArH), 7.45-7.29 (7H, m, ArH), 7.18 (IH, d, 
ArH), 6.70 (2H, s, fiimarate CH), 3.64 (2H, s, CHiAr), 3.33-3.32 (2H, m, NCH2), 2.79 
25 (2H, dt,NCH2), 2.65-2.54 (IH, m, NCH), 2.17 (2H, d, NCH2), 1.74-1.47 (9H, m, CCH2), 
1.28-1.1 1 (4H, m, CH, CCH2), 0.78-0.67 (2H, m, CH2); LCMS 12 min, Rt = 5.0 min, 
(M^+l) = 363. 

30 ftimarate 
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As method previously described for Example 4A, using l.l-^boaethylethyl 4- 
[(cyclopropylmethyl)airdno]piperidme-l-carboxylate and 2-phenylben2yl bromide. 
Isolation of the fumarate salt firom metiianol and dietiiyl ether yielded the title compound 
as a white solid (0.485 g, 74%). 6h (300 MHz, MeOD) 7.68 (IH, dd, ArH), 7.47-7.29 
(7H. m, ArH), 7.21 (IH, d, ArH), 6.72 (2H, s, fumacate CH), 3.76 (2H, s, CHzAr), 3.38- 
3.34 (2H, m, NCH2). 2.92-2.82 (3H, m, NCa NCH2), 2.32 (2H, d, NCH2), 1.79-1.57 
(4H, m, CCH2), 0.77-0.66 (IH, m, CH), 0.46-0.40 (2H, m, CH2), 0.03--0.02 (2H, m, 
CH2); LCMS 12 min, Rt = 3.5 min, (M^+1) = 321. 

10 Example 6A;N-(3-methvlbatvn-N-fa-Dheno3CVDhenvninethy MrT'^"'^^"-^-**"*''"^ 
difumarate 

(i) To 10% Pd/C (1.0 g, 10%vvt), under nitrogen, was added a solution of the 1- 
Boc-4-piperidone (10.0 g, 50.1 mmole, 1.0 eq.) aad isoamylamine (4.46 g, 51.2 mmole, 
1.02 eq.) in ethanol (60 ml). This was hydrogenated overnight, at 60 psi using a Parr 
15 hydrogenator. The catalyst was removed by filtration through Celite. Solvent was 

removed under vacuum to give 1,1-dimethylethyl 4-[(3-methylbutyl)amino]piperidine-l- 
carboxylate as a colourless, slightly cloudy, oil (13.59 g, 100%). 6h (300 MHz, CDCI3) 
4.05-4.02 (2H, m, NCH2), 2.82-2.75 (2H, m, NCH2), 2.66-2.54 (3H, m, NCH, NCH2), 
1.86-1.82 (2H, m, CCH2), 1.62 (IH, septet, CHMe2), 1.45 (9H, s, OC(CH3)3), 1.41-1.17 
20 (4H, m, CCH2), 0.90 (6H, d, C(CH3)2); LCMS 6 min, Rt = 2.7 min, (M^+1) = 271, 

(ii) To a solution of 1,1-dimelhylethyl 4-[(3-methylbutyl)amino]piperidine-l- 
carboxylate in 1,2-dichloroeliiane (10 ml) was added 2-phenoxybenzaldehyde. To this 
was added a solution of sodium triacetoxyborohydride (3.0 eq.) in dimethylformamide (2 
ml). This mixture was left to stir for 3 days under nitrogen, at room temperature. To Hie 
25 reaction mixture was added water (1 0 ml) and the mixture stirred vigorously for several 
minutes. The chlorinated organic layer was run through a hydrophobic frit to remove 
water, diluted with methanol (10 ml) and loaded onto an SCX-2 (10 g) column. The 
column was washed with methanol (50 ml) then basic material eluted with 2N ammonia 
in methanol. The ammonia/methanol solution was concentrated in vacuo to give 1,1- 
30 dimethylethyl 4-[(2-phenoxyphenyhnethyl)( 3-methylbutyl)amino]piperidine-l- 

carboxylate as a colourless oil. To a solution of this oil in dichloromethane (10 ml) was 
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added trifluoroacetic acid (TF A) (1 5 eq). The solution was stirred overnight at room 
temperature. Solvent and TFA were removed in vacuo. The resulting oil was taken up in 
methanol and loaded onto an SCX-2 (10 g) column. The column was washed with 
methanol (50 ml). Basic mataial vras then eluted using 2M ammonia in methanol (50 
5 ml). Removal of solvent ftom the ammonia/methanol mixture under vacuum, gave a 

colourless oil. The oil was taken up in methanol. To this solution was added a solution of 
fumaric acid (1 eq) in methanol . The mixture was left to stir for a couple of minutes, then 
etiiyl acetate and cyclohexane were added. The resulting precipitate was collected by 
filtration to give the title compovmd as a white solid (0.264 g, 30%). 6h (300 MHz, 
10 MeOD) 7.46 (IH, dd, ArH), 7.26-7.16 (3H, m, ArH), 7.10-7.04 (IH, m, ArH), 7.00-6.95 
(IH, m, ArH), 6.86-6.79 (3H, m, ArH), 6.61 (4H, s, fumarate CH), 3.68 (2H, s, CHjAr), 
3.33-3.28 (2H. m, NCHz), 3.04-2.96 (3H, m, NCH, NCH2), 2.56-2.51 (2H, m, NCH2), 
1.91-1.87 (2H, m, CCH2). 1.76-1.62 (2H, m, CCH2), 1.52-1.41 (IH, m, CH), 1.30-1.23 
(2H, m, CH2), 0.74 (6H, d, CH3); LCMS 12 min, Rt = 4.2 min, Q/t+l) = 353. 

15 

F-Yam ple 7A: N-f3-methvlbutvlVN-r(2-bipb envnmethvllPiperidiii-4-amine 
diftimarate 

As method previously described for Example 4A using 1,1-dimethylethyl 4-[(3- 
methylbutyl)ainino3piperidine-l-carboxylate and 2-phenylbenzyl bromide. Isolation of 

20 the fumarate salt from mettianol and diethyl ether yielded tiie titie compound as a white 
solid (0.239 g, 24%). 5h (300 MHz, MeOD) 7.49 (IH, dd, ArH), 7.35-7.18 (7H, m, ArH), 
7.10 (IH, dd, ArH), 6.61 (4H, s, fumarate CH), 3.62 (2H, s, CH2Ar), 3.25 (2H, m,NCH2), 
2.78-2.59 (3H, m, NCH, NCH2), 2.36-2.31 (2H, m, NCH2), 1.64-1.45 (4H, m, CCH2), 
1.42-1.31 (IH, m, CH), 1.13-1.05 (2H, m, CH2), 0.69 (6H, d, CH3); LCMS 12 min, Rt = 

25 4.1 mfax, (M^+1) = 337. 



The following examples illustrate compounds of of Formula (IB) above and 
methods for their preparation. 

30 

Synfliesis of IntermedUates. 
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Preparation of (4-BeiizvlrmorDholiD-2-ylV-pheiivl-metfaanone. 

A 1600 L GL reactor under was successively loaded with 2-chloroacrylomtrile 
5 (33.2 kg, 379 moles) and toluene (1 14 L) at 21*0. Then, N-benzylethanolamine (57 kg, 
377 moles) was added and flie reaction mixture was post-agitated at room temperature for 
about 17 h. Then, the mixture was diluted with toluene (336 L), cooled down to - 12.4 
X and potassium t-butoxide (42.3 kg, 377 moles) was added in portions (10) maintaining 
- 13.7 °C < Tmass < -2.8 °C. The mixture was post-agitated at about 0°C for 2.5 h, 
10 quenched by adding ultra pure water (142.5 L) maintaining 2.1 °C ^ Tmass 8.7 "C. The 
aqueous layer (176 kg) was separated after 35 minutes of post-stiiring allowing the 
mixture to reach 15 °C and the toluene layer was washed with ultra pure water (142.5 L) 
and the aqueous layer (162 kg) was separated. The organic layer was then concentrated 
under reduced pressure (150 mbars) maintaining Tmass ^ 60 "C in order to distill 162 kg 
15 of toluene. The filtrates were then diluted with toluene (1 14 L) and treated with Si02 

(Merck silica gel 60, 0.063-0.1 nam, 74:1 kg) under agitation at room temperature for 1.25 
h. Si02 was filtered and rinsed with toluene (2x1 14 L). Then, the filtrates were 
concentrated under reduced pressure (150 mbars) maintaining Tmass ^ 60 °C in order to 
distill 351.8 kg of toluene (KF : 0.01 % w/w H2O). 
20 The solution of 4-Benzyl-morpholine-2-carbonitrile (169.2 kg) was diluted with 

toluene (157 L) and was cooled to 0°C and phenylmagnesiumchloride (25 wt. % solution 
in THF, 213 kg, 389 moles, 1.36 molar equiv.) was slowly added (over 3.5 h) to the 
reaction mixture, maintaining the temperature at - 3 °C ^ Tmass < 7 X. The reaction 
mixture Avas post-stirred for 2 hours at Tmass « 0°C. Then, the quench was performed by 
25 addmg acetic acid (8.55 L, Tmass = 5 ->> 17.2 °C), post stuiing 10 mmutes and cooling to 
5 "C before adding an acetic acid / water mbcture (229 L, 33/67 v/v). During the quench, 
addition was performed at such a rate that Tmass did not exceed 20''C (typical Tmass = 
4.6 °C to 10.4 °C). The mixture was post-agitated overnight at RT and tiie aqueous layer 
(285.8 kg) was extracted. 
30 The toluene layer was cooled to 0°C and a 5 N NaOH aqueous solution (420. 1 kg) 

was slowly added m«i«tair.mg the temperature at - 2.4 °C < Tmass ^ 1 1 °C. The reaction 
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mixture was post-stirred for lb and the aqueous layer (494.8 kg) was extracted. The 
tolueae layer was concentrated under reduced pressure (50 mbars) maintaining Tmass ^ 
60 X in order to distill 356.2 kg of toluene and isopropanol (180.4 kg) was added. The 
toluene was stripped off under reduced pressure (100 mbars) maintaining Tmass <. 60 °C 
in order to distill 186.4 kg of toluene and isopropanol (135 kg) was added again to the 
mixture. A last distillation of toluene was performed under reduced pressure (50 mbars) 
maintaining Tmass < 60 °C in order to distill 131 kg of toluene and isopropanol (49.4 kg) 
was finaUy added to the mixture and the solution was stirred at RT until crystallization 
(17 minutes). 

Ultra pure water was added (125.4 L) and the mixture was stirred overnight at RT 
and cooled down to about 0 °C for 1 hour. The precipitate was filtered and rinsed with a 
cooled water/isopropanol 50/50 v/v solution (76.6 kg). The wet precipitate was dried 
under vacuum at Tjack = 35''C for 96 hours to obtain the title compound as an off-white 
powder with 59 % overall yield. The title compound can be resolved by the firactianal 
crystallisation process described above. 

Preparation of f4-Benzvl-morDholin- 2-vn-f3-fluoro-nhenvn-methanone. 

O 




To a solution of 4-Ben2yl-morpholine-2-carbomtrile (lOg, 50 mmol) m dry 
diethyl ether (100 ml) at -10 "C under an atmosphere of nitrogen was added (time of 
addition 30 minutes) a solution of 3-fluorophenyhnagnesium bromide (0.5N solution m 
tetrahydrofuran, 120 ml, 60 mmol, 1.2 equivalents, available jfrom Aldrich Chemical 
Company or Rieke Metals) and the reaction mixture was further stirred at -10 "C for 30 
minutes. Then the reaction was allowed to warm to room temperature and stirred for one 
hour. The reaction was then cooled to 0 ^'C and quenched by addition of hydrochloric acid 
(2N aqueous solution, 50 ml) and the resulting mixture was stirred for 30 minutes at 0 °C. 
Then the solution was concentrated in vacuo and the residue was taken-up by sodium 
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hydroxide (2N aqueoxis solution, 60 ml). The aqueous solution was extracted with diethyl 
ether, the organics fractions were collected and dried 0IgS04) and the solvent removed 
under reduced pressure to give the title compound as a brown oil (1 5g, 100%). FIA 
[M+H]+=300.1. 

5 

Preparation of 2-Chloromethvl-4-fluoro-l-methoxv-benzene. 
a) (5-Fluoro-2-methosy-phenyI)-methanoL 



OMe 




F 



10 To a solution of 2-Methoxy-5-fluorobenzaldehyde (11.093g, 1 equiv.- available 

from Aldrich Chemical Company) in methanol at -10 °C under nitrogen atmosphere was 
added NaBHU (7.5 15g, 2.7 equiv.) portionwise. The solution was allowed to warm to 
room temperature and after 30 minutes the reaction solvent was removed under reduced 
pressure and replaced with dichloromethane. This solution was poured onto ice water and 

1 5 further extracted with dichloromethane. The organic fractions were collected and dried 
^gS04) and the solvent removed under reduced pressure to give the title compound as 
an oil (9.794g, 87%).*H NMR (300MHz, CDCI3): 5 2.58 (m, IH), 3.81 (s, 3H), 4.63 (d, 
2H, J= 6.3 Hz), 6.78 (dd, IH, J= 8.9 and 4.3 Hz), 6.94 (td, IH, J= 8.5 and 3.1Hz), 7.04 
(dd, IH, J= 8.7 and 3.1Hz). 

20 

b) 2-Chloromethyl-4-fluoro-l-methoxy-beiizene. 



OMe 




Neat (5-Fluoro-2-methoxy-phenyl)-methanol (19.587g, 1 equiv.) was added to 
neat SOCI2 (42.2 mL, 4.6 equiv.) at -78''C under a nitrogen atmosphere and the solution 
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was then aUowed to warm to room temperature and stirred untU evolution of gas had 
ceased. An equivalent volume of anhydrous toluene was added to the flask and Ihe 
solution heated to 60'>C. On cooling the reaction solution was poured onto ice water. The 
toluene layer was separated and dried (MgS04) and the solvent removed under reduced 
pressure. The crude material was subUmed (eO-SO'C/O.OS mBarr) to give the title 
compound as a white soUd (13.40 g, 61%). NMR (300MHz, CDCI3): 8 3.87 (s, 3H). 
4.60 (s, 2H), 6.79-7.20 (m, 3H). 

Pi-eparatioii nf 1-Cliloro iiiethvl-2-isoprnpi>xv-beiizene. 
a) (2-Isopropoxy-phenyl)-methanol. 



15 



20 




A mixture of 2-hydroxybenzyl alcohol (21.04g, 1 equiv., available ftom Aldrich 
Chemical Company), 2.isopropyl iodide (32.3 mL, 1 .9 equiv., available from Aldrich 
Chemical Company) and K2CO3 (71.42g, 3 equiv.) m ethanol was refluxed for 3 hours. 
On cooling the reaction mixture was filtered and the solvent removed under reduced 
pressure and replaced with dichloromethane. and then filtered and the solvent removed to 
give the title compound as an oil (27.751g, 99%). ^HNMR (300MHz, CDCI3): 6 1.37 (d, 
6H, J = 6.0Hz), 3.55 (bs, IH), 4.50-4.70 (m, 3H). 6.78-6.90 (m, 2H), 7.15-7.25 (m. 2H). 

b) i-Chloromethyl-2-isopropoxy-beiizene. 
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The title compovind was prepared using the general procedure outlined above for 
the preparation of 2-Chloromethyl-4-fluoro-l-methoxy-benzene followed by Ihe 

following treatment: 

The crude reaction material was chromatogr^hed on siUca gel and eluted 1 :9 
ethyl acetate/heptane prior to distiUation (40-60 "C/O.OS mBar). NMR (300MHz, 
CDCI3): 6 1.37 (d, 6H, J = 6.0Hz), 4.50-4.70 (m, 3H), 6.80-7.00 (m, 2H), 7.23-7.30 (m, 
2H). 

Synthesis of Compounds of Formula (IB). 

Example IBt (S. RV2-(2-Methoxv-phenv l^-1-mornholin-2-vl-t-phenYl-ethanol 
hydrochloride. 

a) l-(4-Benzyl-morpholin-2-yI)-2-(2-methoxy-phenyl)-l-phenyI-ethanol. 



15 




Solid magnesium turnings (9.5 g, 28 equiv.) under nitrogen atmosphere at room 
temperature were stirred vigorously with a magnetic stirring bar overnight The 
magnesium was then covered with dry diethyl ether and to the suspension was added U- 
dibromoethane (50 \iL). A cold bath was then appUed followed by dropwise addition of 
20 l-chloromethyl-2-methoxy-benzene (1 8.1 8 g, 5 equiv. available from Aldrich Chemical 
Company) in diethyl ether (71 mL) which maintained the temperature at up to 15 °C. The 
resulting black suspension was stirred at room temperature for 30 minutes and cooled 
down at -20 "C. A solution of (4-Benzyl-morpholin-2-yl)-phenyl-methanone (4g, 1 
equiv.) in diethyl ether (50 mL) was then added dropwise via camla. The reaction 
25 mixture was left to warm to room temperature over two hours and then quenched by 
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addition of aqueous saturated solution of NaHCOs (50 mL). The aqueous solution was 
extracsted with diethyl ether, the organic phase dried with MgS04, evaporated in vacuo to 
^ve 7 g of a yellow amorphous solid. The compound was taken without fiirttier 
purification in the next step. FIA [M+H]*=404. 

b) 2-(2-Methoxy-phenyI)-l-morphoIin-2-yl-l-phenyl-ethanol hydrochloride. 




CIH 

To a solution of l-(4-Benzyl-moipholin-2-yl)-2-(2-methoxy-phenyl>l-phenyl- 
ethanol (1 g, 1 equiv.) in ethyl acetate (100 mL) at room temperature under nitrogen 
10 atmosphere was added ammonium fonnate (3.9 g, 25 equiv.) followed by addition of 
palladhun on charcoal (10 %, Ig.). The reaction mixture was heated to reflux for 1 hour, 
cooled to room temperature and then filtered trough CeUte. AU volatiles were 
evaporated under vacuum, and the resulting soUd was purified via preparative HPLC. The 
isolated white solid was taken up in ethanol. Hydrogen chloride was added Oarge excess 
15 of 2M solution in diethyl ether) and the mixture was stirred until it became a clear 
solution. Then all the volatUes were evaporated in vacuo, to give 650 mg of the title 
compound as white soUd (75 %). NMR (300MHz, DMSO D6) 8: 2.43-2.51 (m, 2H), 
2.77-2.92 (m, 2H), 3.15-3.23 (m, 3H), 3.41 (s, 3H), 4.10-4.19 (m, 2H), 6.66-6.72 (m, 2H), 
6.98-7.07 (m. 2H), 7.13-7.20 (m, 5H), 9.32 (bs, 2H). LCMS (12 minnte method) 
20 [M+H]"^=3 14 @ Rt 3.96 min. single major peak. 

TTTflmnle 2Bt (S. m 2-(2-Ethoxv-nhenvn-l-mom holin-2-vl-l-phenYl-ethanol 
hydrochloride. 

25 a) l-(4-Beiizyl-morpholin-2-yl)-2-(2-ethoxy-pheiiy!)-l-phenyl-ethanoL 
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10 




The procedure for the synthesis of example IBa, H4-Ben2yl-morpholm-2-yl)-2- 
(2-methoxy-pheiiyl)-l-phenyl-ethanol, was foUowed using commerciaUy available 2- 
etiioxybenzylmagnesium bromide (available &om Rieke-Metals) as starting material and 



5 making non- 



15 



critical variations, to yield the title compound. FIA [M+H] -418 



b) 



2<2-Ethoxy-phenyl)-l-morpholin-2-yl-l-phenyl-ethanolhydrocliloride. 




CIH 

Ths procedure for the synthesis of example IBb, 2-(2-Methoxy-phenyl)-l- 
morpholin-2-yl-l-phfinyl-ethanol hydrochloride was followed making non-critical 
variations, to yield the titie compound. ^HNMR (300MHz, DMSO D6) 5: 1.11 (t, 3H, 
J=6.97Hz), 2.43-2.56 (m, IH), 2.81-2.96 (m, 2H), 3.17-3.27 (m, 3H), 3.55-3.67 (m, 2H). 
3.84-3.92 (m. IH), 4.05-4.20 (m, 2H). 6.68-6.74 (m, 2H). 7.01-7.18 (m, 8H), 8.92 (bs, 
2H) ppm. LCMS (12 minute melhod) [M+H]-^=328 @ Rt 4.57 min. single m^or peak. 




a) 



l.(4.Benzyl-morpholiii-2-yl)-2-(2-isopropoxy-phenyl)-l-phenyI-ethanoL 
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SoUd magaesium turnings (4.6 g, 48 equiv.) under nitrogen atmosphere at room 
temperature were stirred vigorously with a magnetic stirring bar overnight. The 
magnesium was then covered with dry tetrahydrofuran. A cold bath was then appUed 

5 foUowed by dropwise addition of l.chloromethyl-2-isopropoxy-benzene (3.0 g, 4 equiv. 
prepared as described above) in tetrahydrofuran (40 mL). During slow addition of the 
electrophile no exolherm was observed so on completion of addition 3 crystals of lodme 
were added to promote initiation of the reaction. AJfter this addition the reaction 
temperature was allowed to spike to 50 "^C then cooled rapidly to 8 «C before being left to 

10 warm to room temperature for one hour. The resulting black suspension was cooled 

downto-10°Candasolutionof (4-Benzyl-morpholin-2-yl)-phenyl-metiianone(1.2g, 1 

equiv.) m tetrahydrofuran (10 mL) was then added dropwise. The reaction mixture was 
left to warm to room temperature over thirty minutes and then quenched by addition of 
aqueous saturated solution of NaHCOa (50 mL) prior to fUtration through CeUte. The 
15 aqueous solution was extracted with diefliyl ether, the organic phase dried with MgS04, 
evaporated in vacuo to give 3 g of a yeUow amorphous soUd. The compound was taken 
without fiinher purification in tiie next step. LCMS (6 mmutes method) [M+H]M32 @ 
Rt 3.25 min. major peak. 

20 b) 2-(2-Isopropoxy-phenyI)-l-morpholm-2-yH-phenyl-ethanol hydrochloride. 
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The procedure for the synthesis of example IBb, 2-(2-Methoxy-phenyl)-l- 
morpholin-2-yl-l-phenyl-ethanol hydrochloride was followed making non-critical 
variations, to yield the title compound. NMR (300MHz, MeOH D3) 8: 1 .12-1.16 (m, 
6H), 2.51-2.55 (m, IH), 2.89-3.14 (m, 4H), 3.56-3.60 (m, IH), 3.82-3.92 (m, IH), 3.99- 
5 4.03 (m, IH), 4.17-4.22 (m, IH), 4.36-4.44 (m, IH), 6.50-6,55 (m, IH), 6.66-6.73 (m, 
2H), 6.92-6.98 (m, IH), 7.07-7.20 (m, 5H) ppm. LCMS (12 minutes method) [M+H]''= 
342 @ Rt 4.90 min. major peak. 

Example 4B: (S. l-(3-Fluoro-Dhenvn-2-(2-methoxv-DhenvlV l-morDholm-2-vl- 
10 ethanol hydrochloride 

a) l-(4-Benzyl-morpholin-2-yl)-l-(3-fluoro-phenyl)-2-(2-methoxy-phenyl)- 
ethanoL 




15 

A magnetically stirred 0.25M tetrahydrofuran solution of commercially available 
2-methoxybenzyhnagnesium bromide (available from Rieke-Metals) (80ml, 3equiv.) 
under nitrogen atmosphere was cooled to -10 and to this was added neat (4-Benzyl- 
morpholin-2-yl)-l-(3-fluoro-phenyl)-methanone (2.1g, lequiv.). The solution was 

20 allowed to warm to room temperature and reaction progress followed using mass 
spectrometry. After 1.5 hours 2-meflioxybenzyhnagnesium bromide solution (14ml, 
0.5equiv.) was again added to the reaction and after a further 0.5 hours an aqueous 
saturated solution of NaHCOa (50 mL) was added to halt tiiie reaction. The aqueous 
solution was extracted with diethyl ether, the organic phase dried with MgS04, 

25 evaporated in vacuo to give 2.8 g of a yellow amorphous solid. The compound was taken 
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without further purification in the next step. LCMS (6 minutes method) [M+H]M22 @ 
Rt 3.03 and 2.86 min. major peaks. 

b) (S, R >l-(3-Flttoro-plienyl)-2^2-methoxy-phenyl)-l-morpIioUn-2-yl-ethaiiol 
5 hydrochloride. 



10 



15 



20 




To a solution of l-(4-Benzyl-morpholin-2-yl)-l-(3-fluoro-phenyl)-2-(2-methoxy- 
phenyl)-etbanol (2.8 g, 1 equiv.) in ethyl acetate (1 00 mL) at room temperature under 
nitrogen atmosphere was added ammonium fomiate (4.3 g, 10 equiv.) foUowed by 
addition of palladium on charcoal (10 %, 2.7g.). The reaction mixture was heated to 
reflux for 1 hour, cooled to room temperature and then filtered through Celite. All 
volatiles were evaporated under vacuum, and the resulting solid was purified via 
preparative HPLC to give the desired diastereoisomers. The active enantiomer was 
obtained after a further preparative chiral HPLC separation. The active enantiomer, a 
white solid, was next taken up in ethanol and hydrogen chloride was added (large excess 
of 2M solution in diethyl ether) and the mixture was stirred until it became a clear 
solution. Then all tiie volatiles were evaporated in vacuo, to give 447mg of the title 
compound as white soUd. NMR (300MHz, DMSO D6) 5: 2.49-2.53 (m, IH), 2.80- 
2.93 (m, 2H), 3.12-3.33 (m, 4H), 3.41 (s, 3H), 3.85-3.92 (m, IH), 4.07-4.20 (m, 2H), 
6.70-6.75 (m, 2H), 6.92-7.10 (m, 5H), 7.20-7.27 (m, IH), 9.08 (bs, 2H). LCMS (12 
minutes method) [M+H]''=332. Rt 4.11min. 

ir.^flmple5Br (S.R^ l-Mom li«Kn-2-vl-l-Dhe»ivl-2-(2-triflaorometh03 
gihannl hydrochloride 



25 



a) 



l-(4-BeiMyl-morpholin-2-yI)-l-phenyl-2K2-trifluoromethoxy-phenyI)-eA^^ 
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Magnesium turnings (24.2 g, 0.935 mole, 2 eq.) and diethyl ether (300 ml) were 
loaded in a reactor under N2. A solution of 2-trifluoromethoxybenzyl bromide (165 g, 
5 0.647 mole, 1 .3 eq.) in diethyl ether (300 ml) was loaded in an addition funnel. Iodine 
crystals and a small amount of the 2-trifluoromethoxybeDzyl bromide solution were 
added and the reaction mixture was stirred to initiate the reaction. The remainder of the 2- 
trifluoromethoxybenzyl bromide solution was then added drop-wise maintaining the 
temperature of the reaction mixture below 35''C. The mixture was stirred for another 5 
10 minutes at 23°C after completion of the addition. A solution of (4-Benzyl-morpholin-2- 
yl)-phenyl-methanone (140 g, 0.498 mole) in diethyl ether (2.1 L) was added drop-wise, 
maintaining the temperature of the reaction mixture below 25°C. The solution obtained 
was stirred for 1 hour at 20°C. The reaction mixture was quenched through the addition of 
a saturated aqueous NaHCOa solution (700 ml) and water (700 ml). The solids were 
15 filtered and washed with dietiiyl ether (200 ml). The filtrates were loaded into a 

separation funnel and the layers were separated. The aqueous layer was extracted with 
diethyl ether (1 L). The organic layers were combined and the filtrates were concentrated 
under vacuum to about 2 liters. The solution was dried over MgS04, filtered and the filter 
cake was washed with diethyl ether (200 ml). The filtrate was concentiated under vacuum 
20 to orange oil. The residue was twice dissolved in toluene (500 ml) and concentrated to a 
soUd product The yield of crude titie compound was 235 g (103%). ^H-NMR (CDCI3): 
6.80-7.07 ppm, 11 H, mp; 7.04-7.01 ppm, IH, mp; 7.01-6.86 ppm, IH, dt; 6.84-6.80 ppm. 
IH, d; 3.98-4.03 ppm, IH, dt; 3.86-3.89 ppm, IH, dd; 3.70-3.60 ppm, IH, dt; 3.52-3.58 
ppm, IH, d; 3.37-3.42 ppm, IH, d; 3.13-3.37 ppm, IH, d; 3.05-3.08 ppm, IH, d; 2.44- 
25 2.45 ppm, IH, d; 2.30-2.00 ppm, 3H, mp. 
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b) (S, R) l-Morpholm-2-yl-l-phenyl-2-(2-trifluoromethoxy-phenyl)-ethaiiol 
hydrochloride. 




CIH 



A stainless steel Buchi hydrogenation reactor was loaded with l-(4-Benzyl- 
5 morpholin.2-yl)-l-pheayl-2-(2-trifluoromethoxy-phenyl)-ethanol (230 g, 0.503 mole), 
methanol (1 L), a suspension of Pd/C (10%, 46 g, 20% loading) m methanol (500 ml), 
and methanol (500 ml) from equipment rinses. A solution of HCl in ethanol (1.6N, 460 
ml, 0.736 mole, 1.5 eq.) was added and the reactor was pressurized with H2 (3 Bar). The 
reaction mixture was heated to 40°C and stirred for 3 hours. The reaction mixture was 
10 cooled to 20°C and flushed with N2. The catalyst was filtered off and washed with 

methanol (0.5 L). The filtrates were concentrated under vacuum to a yellow solid. The 
yield of crude title compound was 198 g (97.5%). A reactor was loaded with crude title 
compound (190 g, 0.47 mole) and toluene (6.65 L) under N2. The suspension was heated 
under reflux and toluene (150 ml) was added until all soUd dissolved. The solution was 
15 stirred for 15 minutes more under reflux and then cooled slowly to 20°C. The suspension 
was stirred for 1 hour at 20«C. The soUd was filtered, washed witii toluene (680 ml), and 
dried at 40''C under vacuum. The yield of pure anhydrous titie compound was 158.5 g 
(83.4%). 

20 Alternatively, the following metiiod can be used. Li a glass-lined nitrogen purged 

hydrogenator are charged l-(4-Benzyl-morpholin-2-yl)-l-phenyl-2-(2-tiifluoromettM)xy- 
phenyl)-ethanol hydrochloride (150g, 303.7 mmol), demmeralized water (352 mL), i- 
PrOH (375 mL) and 5% Pd/C (30 g, 50% water, Johnson & Matthey type 440). The 
heterogeneous reaction mixture was then purged 5 times witii 25 psi nitrogen then purged 

25 5 times with 50 psi hydrogen, and the hydrogenation was performed at RT. The initial 
Tmass was 22°C and the mmdmum Tmass during tiie hydrogenation was 23°C. The 
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reactor was stirred vigorously. In-process analysis after 2 hours indicated complete 
hydrogenolysis. The hydrogenadon was stopped after 3 hours. The nitrogen purged 
reaction mixture was then fiftered at RT through an hyflo filter (56 g), uaopregnated 
beforehand witii 75 mL of a 50/50 v/v isopropanol/water mixture and washed with 300 
5 mL of a 50/50 v/v isopropanol/wata: mixture. The filtrates were stored overnight at RT. 
The filtrates were concentrated at 40-50°C under reduced pressure (typical 622 g 
distilled). The reaction mixture was cooled to RT and post-stated. After 3 hours, 1 mL 
of the solution was taken and cooled to O^C to initiate crystallization. These seeds were 
added to the reaction mixture and precipitation was observed within a few minutes. The 
10 mixture was post-agitated at RT for 2 hours. The crystals were filtered and rinsed with 
H2O (30 mL). Then, the precipitate was dried under reduced pressure (400 mmHg) with 
a nitrogen flow (0.1 bar) for 4 hours affording the title compound as the hydrate 
polymorph (103.5 g, 81% yield). 

15 y.^a«inli> 6B; fS. m 2-Biphenvl-2-vl-l -morDholm-2-vl-l-iihenvl-ethanol 
hydrochloride 

a) l.(4-Beiizyl-morphoIm-2-yl)-2-bipheiiyl-2-yH-pheiiyl-ethanol. 




20 i.(4-Benzyl-morpholin-2-yl)-2-(2-bromo-phenyl)-l -phenyl-ethanol (0.50 g, 1 .0 

equiv. prepared according to Example 15Ba below) and phenylboronic acid (0.402 g, 3.0 
equiv., available fi-om Aldrich Chemical Company) were suspended in a mixture 
ethanoywater (2/1, 7.5 mL) and Pd(Ph3)4 (0.022 g, 0.04 equiv.), then K2CO3 (0.654 g, 
4.30 equiv.) were added. The mixture was heated to SO^C under nitrogen atmosphere. 

25 After 1 6 hours, the reaction was cooled down to room temperature and filtered through 
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Celite, then extracted with ethyl acetate. The organic layers were combiaed, dried -mth 
MgS04, filtered and concentrated in vacuo yielding a yellow oil, which was purified by 
column chromatogr^hy on sUica gel (10% EtOAc:Hexane) to give 0.491g (98%) of the 
tide compound as a white solid. 

b) (S, R) 2-Biphenyl-2-yl-l-morpiioHn-2-yl-l-pheiiyl-ethaiiol hydrochloride. 



15 




CIH 

The procedure for the synthesis of example IBb, 2-(2-methoxy-phenyl)-l- 
morpholin-2-yl-l-phenyl-ethanol hydrochloride, was followed making non-critical 
10 variations, to yield the title compound.^H NMR (300MHz, DMSO D6) S: 2.16-2.20 (m, 
IH), 2.54-2.62 (m, IH), 2.67-2.76 (m. IH), 2.85-2.89 (m, IH), 3.24 (s, 2H), 3.61-3.69 (m, 
2H), 3.93-3.98 (m, IH), 5.14 (bs, IH), 6.80-6.92 (m, 5H), 7.04-7.17 (m, 5H), 7.27-7.30 
(m, 3H), 7.36-7.39 (m, IH). LCMS (12 minutes method) [M+H]^=360 @ Rt 5.15 min. 
single major peak. 



Example 7B; rS.R^ 2-(2-r!hloro-phenvn-l-morDho lin-2-vl-l-phenvl-ethaiiol 
hydrochloride 

a) l.(4-Benzyl-morpholin-2-yl)-2-(2-chloro-phenyl)-l-phenyl-ethanoL 



20 
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The procedure for the synthesis of example IBa, l-(4-Benzyl-morpholm-2-yl)-2- 
(2-methoxy-pheayl)-l-phenyl-e1hanol, was followed using 2-chlorobenzyl chloride 
(available from Aldrich Chemical Company) as starting material and making non-critical 
variations, to yield the title compound. FIA [M+Hr«408 and 410. 



10 



15 



b) 



(S, R) 2-(2-Chloro-phenyI)-l-morphoIin-2-yl-l-pl»enyl-ethanol hydrochloride 




The procedure for tiie synthesis of example 5Bb, (S, R) l-Morpholm-2-yl-l- 
phenyl-2-(2-trifluoromethoxy-phenyl)-ethanol hydrochloride, was followed making non- 
critical variations, to yield Ihe title compound^H NMR (300MHz, DMSO D6) 5: 2.45- 
2.54 (m, IH), 2.84-2.93 (m, 2H), 3.17-3.22 (m, IH), 3.33-3.38 (m, 3H), 3.89-3.97 (m, 
IH), 4.14-4.18 (m, 2H), 7.06-7.11 (m, 2H), 7.15-7.26 (m, 7H), 9.24 (bs, 2H) ppm. LCMS 
(12 minutes method) [M+H]Ml8-320 @ Rt 4.36 min. smgle peak. 



F^amnle SB'- (fi- 2-(5-F lHnro-2-metho3 
ethanol bvdrochloiide 



BhenvlVl-iPftiTholin-2-vl-l-Phenv>- 



a) i_(4-Benzyl-morpholin-2-yl)-2-(5-fluoro-2-methoxy-pheiiyI)-l-phenyl- 
ethanoL 



20 




Magnesium turnings (21 .6 g, 0.888 mole, 2 eq.) and diethyl ether (300 ml) were 
loaded m a reactor under Na- A solution of 5-fluoro-2-metiioxyben2yl chloride (116 g. 
0.664 mole, 1.5 eq.) in dietiiyl etiier (200 ml) was loaded in an addition funnel. Iodine 
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crystals and a small amount of the 5-fluoro-2-methoxybenzyl chloride solution were 
added and the reaction mixture was stirred to initiate the reaction. The remainder of the 5- 
fluoro-2 methoxybenzyl chloride solution was then added drop-wise maintaining the 
temperature of the reaction mixture below 28 °C. The mixture was stirred for another 5 
5 minutes at 19 °C after completion of the addition and a white suspension was formed. A 
solution of (4-Benzyl-morpholin-2-yl)-phenyl-methanone (125 g, 0.444 mole) in diethyl 
ether (1 .8 L) was added drop-wise, maintaining the temperature of Ihe reaction mixture 
below 25 "C. The suspension obtained was stirred for 2 hours. The reaction mixture was 
quenched through the addition of a saturated aqueous NaHCOa solution (625 ml) and 
10 water (500 ml), maintaining the temperature below 20 °C. The mixture was stirred for 30 
minutes and the soUds were filtered, washed with water (125 ml) and diethyl ether (200 
ml). The filtrates were loaded mto a separation funnel and the layers were separated. The 
aqueous layer was extracted with diethyl ether (1 L). The organic layers were combined 
and dried over MgS04, filtered and the filter cake was washed with diethyl ether (100 
15 ml). The filtrates were concentrated under vacuum. The yield of title compound was 201 
g as a yellow soUd (107%). Title compound (200 g, 0.474 mole) was then suspended in 
isopropanol (400 ml) under N2. The suspension was heated under reflux until all solids 
were dissolved. The solution is allowed to cool to 20 over 4 hours under stirring. The 
soM is filtered, washed with isopropanol (100 ml) and dried at 40'>C under vacuum. The 
20 yield of pure titie compound is 158 g (79%). 'H-NMR (CDCI3): 6.99-7.26 ppm, lOH, 
mp; 6.60-6.71 ppm, IH, dt; 6.49-6.60 ppm, IH, dd; 6.31-6.44 ppm, IH, dd; 3.92-4.01 
ppm, IH, dt; 3.80-3.90 ppm, IH, dd; 3.64-3.73 ppm, IH, dd; 3.59-3.64 ppm, IH, d; 3.52- 
3.59 ppm, 3+1 H, 2s; 3.37-3.45 ppm, IH, d; 3.07-3.17 ppm, IH, d; 2.84-2.92 ppm, IH, d; 
2.43-2.53 ppm, IH, d; 2.20-2.28 ppm, IH, d; 1.98-2.11 ppm, 2H, mp. 



25 



b) (S, R) 2-(5-Fluoro-2-methoxy-phenyl)-l-morphtolin-2-yl-l-phenyl-ethanol 
hydrochloride 
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A glass hydrogenatioiiflask was loaded with methanol (1.55 L), Pd/C (10%, 31 g, 
20% loading), l<4-benzyl-morpholin-2-yl)-2K5-fluoro-2-me1hoxy-phenyl)4-phenyl^ 
ethanol (1 55 g, 0.368 mole) and a solution of HCl in ethanol (2.5N, 233 ml, 0.582 mole, 
1 .6 eq.). The reactor was mounted on a Pair instrument and pressurized with H2 (49 Pa). 
The reaction mixture was shaken overnight between 20°C and 15°C. The catalyst was 
filtered off and washed with methanol (0.5 L). The filtrates were concentrated under 
vacuum. The yield of crude title compound was 109.5 g (81%). The catalyst was washed 
again with methanol (2 x 500 ml). The filtrates were combined and concentrated under 
vacuum. The yield of the second crop of crude title compound was 21.7 g (16%). A 
reactor was loaded with crude title compound (131 g, 0.356 mole) and isopropanol (1 ,3 
L) under N2. The suspension was heated under reflux for 4 hours. The mixture was cooled 
to 20''C and the solid was filtered, washed with isopropanol (130 ml), and dried at 50°C 
under vacuum. The yield of pure title compound was 1 15.9 g (88.5% yield). 

Fifamnle 9B: (S. m l-Morpholin-2-vl-l-pb eiiv1-2-r2-trifliioromethvlsiilfanYi- 
nhenvlVethanol acetate 

a) l^4-Benzyl-moiT»holin-2-yl)-l-phenyl-2H2-trifluoromethylsulfanyl-ph^^^ 
ethanol. 
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The procedure for the synthesis of example IBa, l-(4-benzyl-morpholin-2-yl)-2- 
(2-methoxy-phenyl)-l-phenyl-ethanol, was followed using l-bromomethyl-2- 
trifluoromethylsuManyl-benzene (available from Fluorochem Ltd.) as starting material 
and making non-critical variations, to yield the title compound. NMR (SOOMHz, 
5 CDCI3) 5: 2.05-2.33 (m, 3H), 2.49-2.65 (m, IH), 3.10-3.35 (m. 2H). 3.43-3.55 (m, IH). 
3.67-3.89 (m. 2H), 3.91-4.08 (m, 2H), 4.09-4.22 (m. IH). 6.91-7.05 (m, IH), 7.10-7.42 
(m, 12H), 7.50-7.63 (m, IH) ppm. 

b) (S, R) l.Morpholin-2-yl-l-phenyl-2-(2-trifliioromethylsulfanyl-phenyl)- 
10 etilianol acetate 



To a solution of l-(4-benzyl-morpholin-2-yl)-l-phenyl-2-(2- 
trifluoromethylsulfanyl-phenyl)-ethanol (218 mg g, 1 equiv.) and soUd supported Hunig's 
base (available from Argonaut, Ig, 5 equiv.) in dry tetrahydrofuran (4 mL) at 0 ''C under 
15 nitrogen atmosphere was added ACE-Cl (502 \iU 10 equiv.). The reaction mixture was 
left to warm to room temperature for 48 hours. AU volatiles were evaporated under 
vacuum, and the resulting soUd was taken-up with methanol (50 mL) and stirred at room 
temperature overnight The solution was filtered through acid ion exchange column and 
the required fractions evaporated to dryness. The resulting solid was purified via 
20 preparative HPLC to give 62 mg of the title compound as a colourless oil. NMR 

(300MHz, CDCI3) 6: 2.01 (s, 3H), 2.43-2.47 (m, IH), 2.63-2.70 (m. IH), 2.81-2.94 (m, 
2H), 3.24 (d, IH, J=13.57Hz), 3.85-3.96 (m, 2H), 4.01-4.05 (m, IH). 4.09-4.13 (m, IH), 
4.45 (bs, 4H), 6.90-6.93 (m, IH), 7.13-7.26 (m, 7H), 7.55-7.58 (m, IH) ppm. LCMS (12 
minute method) [M+H]''=384@ Rt 5.13 min. single peak. 




OH 
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TT^amnle lOB: ^S.R^ l-MorDboli«-2-vl-l-phe «v^-2-(2-trifluoroinethYl-phenyl) 
ethanol 



a) 4-Beiizyl-2-(2-phenyl-oxiranyl)-morpholine. 

-O 




To a mixture of trimethylsulfoxonium iodide (783 mg, lequiv.) and sodium 
hydride (142 mg, 1 equiv.) in dimethylformamide (17 mL) at 0 *»C under nitrogen 
atmosphere was added dimethylsulfoxide (251 jiL, 1 equiv.) and the resulting suspension 
was stirred for 30 minutes. A solution of (4-Benzyl-morpholin-2.yl)-phenyl-methanone (1 
10 g, lequiv.) in dimethylformamide (10 mL) was then added dropwise. Stirring was 

continued for 30 minutes and the reaction was stopped by addition of water (50 mL). The 
aqueous solution was exteacted with diethyl ether, the organic phase dried with MgS04, 
and evirated in vacuo. The crude material was purified using a column 
chromatography on siUca gel eluting with a mixture of ethyl acetate/heptane (20/80) to 
15 give 825 mg of the titie compound as a colourless oil (78 %), mixture of two 

diastereoisomers. LCMS (6 minute method) |M+H]^=296 @ Rt 1 .88 min. single peak. 



b) 



l-(4-Beiizyl-morphoUn-2-yl)-l-phenyl-2K2-triflHoromethyl-phenyl)-ethM^^^ 




20 



To a suspension of magnesium turnings in tetrahydrofiiran (2mL) at room 
temperature under nitrogen atmosphere was added a solution of l-bromo-2- 
trifluoromethyl-benzene (7.6g, Sequiv.. avaUable firom Acros) in tetrahydrofuran (32 mL) 



wo 2005/020975 



PCT/US2004/025592 



10 



143 

and the xnixture >m stirred for an hour. THe solution was cooled to -78 °C and copper 

iodide (646 mg) was added foUowed by dropwise addition of a solution of 4-Benzyl-2-(2- 

phe^yl-oxiranylVmorpholine (2g. 1 equiv.) intetrahydroto^ 

mixture was warmed to room temperature over 2 hours and then treated with water (1 0 
mL). Hie solution was extracted with diethyl ether, &e organic phase dried with MgS04. 
and evaporated in vacuo. TTie crude material was purified using a column 
chromatography on silica gel eluting with a mixture of elliyl acetate/heptane (1^^^^^ 

give 352 mg of the title compound as a colourless oU (12 %). LCMS (6 minutes method) 
p^+H]+=442 @ Rt 3.05 min. major peak. 

c) (S, R) l.MorpholiB-2-yl-l-phenyl-2-(2-trifluoromethyl-phenyl)-etto^^^ 




15 



20 



25 



To a solution of l-(4.Benzyl-morpholin-2-yl)-l-phenyl-2-(2-trifluoromethyl. 
phenyD-ethanol (352 mg. 1 equiv.) in ethanol (15 mL) at room temperature under 
nitrogen atmosphere was added ammonium formate (507 mg g, 10 equiv.) foEowed by 
addition of palladium on charcoal (10 %, 355 mg.). The reaction mixture was heated to 
lefluxfor 1 hour, cooled to room temperature and Ihen filtered through CeUte. All 
volatiles were evaporated under vacuum to ^ve 265 mg of the tide compound as white 
solid (94 o/o). me enantiomeric mixture was resolved using chkal HPLC. to give the title 
compound as a single enantiomer. NMR (300MHz, CDCI3) 8: 2.25-2.30 (m, IH). 
2 56-2 64 (m, IH), 2.75-2.87 (m, 2H), 3.18 (d. IH. J=14.88Hz), 3.71-3.81 (m, 2H). 3.89 
(d IH J=14.88Hz), 4.02-4.05 (m, IH). 6.83-6.86 (m. IH), 7.09-7.34 (m, 7H). 7.53-7.55 
(m, IH) ppm. LCMS (12 minute method) [M+H]^=352 @ Rt 4.73 min. single peak. 

iir.,».nl. 11B: (S.^ ) .- p-r-H.n.n.nhenvlV1-0-fluoro-phenYl)-1-niorpholm-2-Yl. 
o*haiinl h ydrochloride 
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F 



The procedure for the synthesis of 4Ba, l-(4-Benzyl-morpholm-2-yl)-l-(3-fluoro- 
phenyl)-2-(2-methoxy-phenyl)-ethanol was followed using 2-chorobenzyl chloride 
5 (available from Aldrich Cheimcal Company) as starting material, and making non-critical 
variations, to yield the title compound which was taken without further purification in the 
next step. LCMS (6 minutes method) [M+H1M26 @ Rt 2.85 mm. major peak. 

b) (S, R) 2-(2-Chloro-phenyl)-l-(3-fluoro-phenyl)-l-moiT>holin-2-yl-^ 
10 hydrochloride 



To a solution of l-(4-Benzyl-morpholine-2-yl)-2-(2-chloro-phenyl)-l-(3-fluoro- 
phenyl)-ethanol. (3.2g, 1 equiv,) in dry 1,2-dichloroethane (40 mL) under nitrogen 
atmosphere was added ACE-Cl (20.33 g, 5 equiv.). The reaction mixture was stirred at 

15 room temperature overnight then refluxed until completion. All volatiles were evaporated 
under vacuum, and the resvdting residue redissolved in acetonitrile. This solution was 
filtered through an ion exchange column and the filtrate taken-up with methanol (50 mL) 
and refluxed for 3h. The solution was again filtered through acid ion exchange column 
and the reqtdred fractions evaporated to dryness. The resulting solid was next purified via 

20 preparative HPLC followed by chiral HPLC. The purified active enantiomer was taken up 
in ethanol and hydrogen chloride was added (large excess of 2M solution in diethyl ether) 
and the mixture stured. Then all Ihe volatiles were evaporated in vacuo, to give 519mg of 




H 

CIH 
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the title compomd as a white soUd (18 %). NMR (300MHz, DMSO D6) 5: 2.43-2.54 
(m, IH). 2.81-2.95 (m, 2H), 3.16-3.23 (m, IH), 3.30-3.44 (m, 2H), 3.54 (bs, IH), 3.92- 
4.00 (m. IH), 4.15-4.23 (m, 2H). 6.96-7.29 (m. 8H). 9.32-9.45 (m. 2H). LCMS (12minute 
method) [M+H]*=336. 




a) l.(4-Beiizyl-morpholiii-2-yl)-l-pheiiyl-2-tf-tolyl-etliaiioL 




10 The procedure for the synthesis of example IBa, l-(4-benzyl-morpholm-2-yl)-2- 

(2-methoxy-pheiiyl)-l-phenyl-ethanol, was followed using commercially available 2- 
methylbenzyhnagnesium bromide (available from Rieke-Metals) as starting material and 
making non-critical variations, to yield the title compound. FIA [M+Hl+= 388. 

15 b) (S,R)l-MorphoIin-2-yl-l-pheiiyl-2-o-tolyl-ethanol hydrochloride 




20 



Tht procedure for the synthesis of example IBb, 2-(2-methoxy-phenyl)-l- 
morpholin-2-yl-l-phenyl-ethanol hydrochloride was followed making non-critical 
variations, to yield thetitle compound. »HNMR (300MHz, DMSO D6) 5: 1.62 (s, 3H), 
2.40-2.58 (m, IH), 2.78-3.01 (m, 2H), 3.03-3.09 (m, IH), 3.15-3.31 (m, 2H), 3.90-4.05 
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(m, IH), 4.15-4.25 (m, 2H), 6.89-7.28 (m. 9H), 9.21-9.55 (m. 2H). LCMS (12 minute 
metho<^ [M+H]*= 298 single peak. 

F.^«iHplc 13B; (S. l-Mornholin-2-vl-1.2-diDhe nvl-ethanol hvdrocMoride. 
a) l-(4-Beii^l-morpholm-2-yl)-i;2-diphenyl-ethanoL 




The procedure for the synthesis of example IBa, l-(4-benzyl-morpholin-2-yl)-2- 
(2-methoxy-phenyl)-l -phenyl-ethanol, was followed using commercially available 
10 benzybnagnesium bromide (available from TCI America) as startmg material and making 
non-critical variations, to yield the title compound. LCMS [M+H]^= 374.1 major single 
peak @ 3.82 min. 

b) (S, R) l-Morpholin-2-yl-l^diphenyl-ethanol hydrochloride 




15 

The procedure for the synthesis of example IBb, 2-(2-methoxy-phenyl)-l- 
morpholin-2-yl-l-phenyl-ethanol hydrochloride was followed making non-critical 
variations, to yield the titie compound. NMR (300MHz, CDCI3) 6: 2.36-2.41 (m, IH), 
2.64-2.71 (m, IH), 2.78-2.91 (m, 3H), 3.16-3.32 (m, 2H), 3.73-3.82 (m, 2H), 4.08-4.11 
20 (m, IH), 6.80-6.83 (m, 2H), 7.07-7.12 (m, 3H), 7.16-7.27 (m. 6H). LCMS [M+H]*=284.1 
smgle peak @ 3.82 minutes. 
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Example 14B; fS. R) 2-(2-Flttoro-DhenvlVl"morDholm-2-vl-l«phe nvl-ethaiiol 
hydrochloride 

5 a) l-(4-BeMyl-morpholm-2-y^-2-(2-fluoro-phenyl)-l-phenyl^^ 




The procedure for the synthesis of example IBa, l-(4-benzyl-morpholm-2-yl>2- 
(2-methoxy-phenyl)-l-phenyl"ethaiiol, was followed using commercially available 2- 
fluoro-benzylmagnesium chloride (available from Rieke Metals) as starling material and 
1 0 making non-critical variations, to yield the title compound. FIA [M+H]^=392. 1 . 



b) (S, R) 2-(2-Fluoro-phenyl)-l-inorpholin-2-yH-phenyl-ethanol hydrochloride 




The procedure for the synthesis of example IBb, 2-(2-methoxy-phenyl)-l- 
15 morpholin-2-yH-phenyl-ethanol hydrochloride was followed making non-critical 

variations, to yield the title compound. NMR (300MHz, DMSO D6) 5: 2.40-2.56 (m, 
IH), 2.78-2.97 (m, 2H), 3.17-3.29 (m, 3H), 3.89-3.96 (m, IH), 4.14-4.19 (m, 2H), 5.47 
(bs, IH), 6.82-6.94 (m, 2H), 7.01-7.25 (m, 7H), 9.28-9.38 (m, 2H). LCMS [M+Hf =302.1 
single major peak @ 3.82 minutes. 



wo 2005/020975 



PCT/US2004/025592 



148 

Fvuninle 15B: (S. 2-(2-frrnmo-pheiivn -1-PhenYl-l-morpholm-2-Yl-ethanol. 
a) l-(4-BeiHyl-morpholin-2-yl)-2-(2-bromo-pheiiyI)-l-pheiiyl-ethanol. 




5 The procedure forthe synthesis of example IBa, l-(4-Benzyl-morpholm-2-yl)-2- 

(2-melhoxy-phenyl)-l-phenyl-ethanol, was followed using commercially available 2- 
bromobenzyhnagnesium bromide (available fiom Rieke-Metals) as starting material and 
making non-critical variations, to yield the title compound. FIA [M+Hf = 452/454. 

10 b) (S,R)l-Morpholin-2-yl-2-(2-bromo-pheiiyl)-l-plicnyl-ethanol. 




aH 

The procedure for the synthesis of example 5Bb, (S, R) l-Morpholin-2-yl-l- 
phenyl-2-(2-trifluoromethoxy-phenyl)-ethanol, was followed making non-critical 
variations, to yield the title compound.^H NMR (300MHz. CDCI3) 6: 2.64-2.68 (m, IH), 
15 3.02-3.21 (m, 2H), 3.27-3.33 (m, 3H), 3.45-3.50 (m, IH), 3.63-3.68 (m, IH). 3.99-4.09 
(m, IH), 4.20-4.24 (m, IH), 4.29-4.34 (m, IH), 4.87 (s, IH), 6.98-7.21 (m, 2H), 7.24- 
7.59 (m, 7H) ppm. LCMS (6 minutes method) [M+H]-'= 362.3 @ Rt 2.85 min. sin^e 
peak. 
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F.^ain ple IfiB; fS. Rl 2-(2*-chloroH-rbiDhenvl l-2-vIVl-morDholm-2-vl-l-phenYl- 
ethanol hydrochloride 

a) 2-(2'-cWoro[l-l»biphenyl]-2-yI)-l-phenyl-l-[4-(pheiiyhiiethyl)morpholiii-2- 
5 yl]etilianoL 




The procedure for the synthesis of example 6Ba, was followed using 2-chloro 
phenyl boronic acid (available fixnn Aldrich Chemical Company) as starting material and 
making non-critical variatioixs, to yield the title compound. FIA [M+H]^= 485 

10 

b) (S, R) 2-(2'-chloroll-l'biphenyl]-2-yI)-l-morpholin-2-yl-l-phenyI-ethaiiol 
hydrochloride 




The procedure for the synthesis of example 6Bb, was followed making non- 
15 critical variations, to yield the titie compound. ^HNMR (300MHz, CDCI3) 8: 2.10-2.21 
(m, IH), 2.57-2.65 (m. IH), 2.62-2.75 (m. IH), 2.83-2.87 (m, IH), 3.20 (s, 2B), 3.63-3.70 
(m, 2H). 3.95-3.97 (m. IH), 5.12 (bs, IH), 6.80-6.92 (m. 5H). 7.04-7.17 (m, 5H), 7.27- 
7.37 (m, 3H). LCMS (12 minutes method) [M+H]*=393 @ Rt 4.75 min. single m^or 
peak. 

20 
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Fxamnle 17B; 4-Fluoro-2-f2-inorDholiii-2-v l-^-nhenvlproDvnT)benol hYdrochloride 

a) 4-Fluoro-2-(2-morpholiJi-2-yI-2-phenylpropyl)phenol hydrochloride 

HO. 

// 




HCl 

5 Sodium thiomethoxide (13 eq, 1 86 mg) was added at once to a solution of 2-{2- 

[5-fluoro-2-(methyloxy)phenyl]-l -methyl-1 -phenylethyl}morpholine hydrochloride (75.2 
mg, 0.204 mmol, synthesized as described in Example 8 above) in anydrous DMF (3 ml) 
in a microwave vessel. Upon addition, the reaction vessel was sealed and heated up in a 
CEM-Discovery microwave at 150 Watts, reaching 1 10 °C in 5 minutes and mamtaining 
10 this temperature 6 minutes. The reaction vessel was cooled to room temperature and the 
reaction mixture taken into methanol (5 ml) and purified by SCX-2 chromatography to 
obtain the ftee base as clear oil (50 mg). The hydrochloride salt was obtained following 
general procedures as a white solid (52 mg, 72 % after salt formation.), MW 353.83; 
C18H22NO3FCI; NMR (CD3OD): 7.29-7.26 (2H, m), 7.20-7.08 (2H, m), 6.53-6.50 (2H, 
15 m), 6.30-6.26 (l.H, m), 4.18 (IH, dd, 12.6 Hz, 2.6 Hz), 4.02 (IH, dd, 10.9 Hz, 2.3 Hz), 
3.86 (IH, td, 12.6 Hz, 2.6 Hz), 3.60 (IH, ^2 AB), 3.16 (IH, d, 12.6 Hz), 3.08-2.90 (3H,. 
m), 2.58 (IH, m); ^^F NMR (CD3OD) -128.4; LCMS: (12 min method) m/z 318.1 [M- 
HCl+H]'' @ Rt 3.954 min. 

20 g^amnle 1 8Bt 2./2-Flnoro-6-ghloro-Dhenvl >-1 -niorphoIin-2-vl-1 -phenyl-ethanol 
hydrochloride. 

a) i.(4-Benzyl-morpholiii-2-yl>2-(2-chloro-6-fluoro-phenyl)-l-phenyl-ethanol. 
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To a stirred solution of 2-chloro-6-fluorobenzyl magnesium chloride (12.8mL, 
3.20 mmol, 3 equiv., available from Rieke Metals) in anhydrous tetrahydrofuran (15 ml) 
at 0 °C under nitrogen was added a solution of (4-Benzyl-morpholin-2-yl)-phenyl- 
methanone (300mg, l.OTmmol, 1 equiv.) in tetrahydrofuran (5ml) dropwise over 15 
minutes. The reaction was then stirred at 0 "C for one hour. The reaction mixture was 
allowed to warm to room temperature over two hours and stirred for a jEurther 1 8h. The 
solvent was then evaporated "in vacuo " and the residue redissolved in dichloromethane 
(30mL). The organic solution was washed with aqueous saturated solution of NaHCOs 
(50 mL). The aqueous solution was extracted with dichloromethane using a hydrophobic 
phase separator. The dichloromethane was evaporated "m vacuo" and redissolved in 
melhanol (2 mL). The sample was bound to SCX-2 (5g) and washed with methanol 
(30mL). The sample was eluted using 2M aimnonia in methanol (30mL). The solvent was 
then evaporated using a reacti-therm blow down station to give 450 mg of a yellow 
amorphous solid. This material was used in st^ b) without further purification. LCMS (6 
minutes mefliod) [M+H1*= 426 @ Rt 3.27 min. major peak. 

b) 2-(2-Flaoro-6-chloro-pheiiyI)-l-morphoIin-2-yI-l-phenyl-etlianol 
hydrochloride. 



CIH 

To a solution of l-(4-Benzyl-morpholin-2-yl)-2-(2-chloro-6-fluoro -phenyl)- 1-phenyl- 
ethanol (450mg, 1 equiv.) in ethyl acetate (15mL) at room temperature under nitrogen 




H 
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atmosphere was added ammonium formate (1.69 g, 25 equiv.) followed by addition of 
palladium on charcoal (10 %, 450g.). The reaction mixture was heated to reflux for 1.5 
hours, cooled to room temperature and then filtered through Celite. All volatiles were 
evaporated under vacuum, and the resulting solid was purified via preparative HPLC. The 
5 isolated white soUd was taken vap in ethanol. Hydrogen chloride was added (large excess 
of 2M solution in diethyl ether) and the mixture was stirred until it became a clear 
solution. Then all the volatiles were evaporated "in vacuo", to give 147 mg of the title 
compound as white solid. NMR (300MHz, CD3OD D4) S: 2.51-2.61 (d, IH), 2.79-2.91 
(t, IH), 2.96-3.09 (m, IH), 3.09-3.16 (m, IH), 3.32-3.54 (q, 2H), 3.82-3.97 (t, IH), 4.09- 
10 4.24 (t, 2H), 6.73-6.84 (t, IH), 6.93-7.08 (m, 2H), 7.08-7.21 (m, 5H). LCMS (12 minutes 
method) [M+H]* = 336 @ Rt 4.44 min. single major peak. 

Tr.if ample 19Bt 2-^2^-Dimethoicv-phenvlVl -morDholiD-2-vl-l-phenvl-ethanol 
hydrochloride 

15 

a) l-(4-Beiizyl-moipholin-2-yI)-2-(2^-dimethoxy-phenyl)-l-pheiiyl-ethaiioL 




The procedure for the synthesis of example 18Ba, l-(4-Ben2yl-morpholin-2-yl)-2- 
(2-chloro-6-fluoro -phenyl)- 1-phenyl-ethanol, using 2,5-dimethoxybenzyl magnesium 
20 chloride as starting material (available from Rieke Metals) was followed making non- 
critical variations, to yield the title compound. This material was used in step b) without 
further purification. LCMS (6 minutes method) [M+H]"" = 434 @ Rt 3.10min. major peak. 



b) 2-(2,S-Dimethoxy-phenyI)-l-morpholm-2-yl-l-pheiiyl-etlianol 
25 hydrochloride. 
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The procedure for the synthesis of example 18Bb, 2-(2-Fluoro-6-chloro-phenyl)- 
l-morpholm-2-yl-l-phenyl-ethanol hydrochloride, was followed making non-critical 
variations, to yield the title compound.^H NMR (300MHz, CD3OD D4) 6: 2.53-2.62 (d, 
5 IH), 2.86-3.10 (m, 3H), 3.13-3.27 (m, 2H), 3.36-3.51 (m, 6H), 3.81-3.93 (t, IH), 4.02- 
4.08 (d, IH), 4.15-4.25 (d, IH), 6.28-6.33 (s, IH), 6.49-6.64 (m, 2H), 7.06-7.22 (m, 5H). 
LCMS (12 minutes method) [M+H]"^=344 @ Rt 4.15 min. single major peak. 

IT/ram ple 20Bt 2-f2.4-Difluoro-DhenvlVl-morDholm-2- vl-l-phenvl-ethanol 
10 hydrochloride 

a) l-(4-Beiizyl-morphoIm-2-y^2-(2,4-difluoro-phenyl)-l-pheiiyl-ethanol. 



The procedure for the synthesis of example 18Ba, l-(4-Benzyl-morpholin-2-yl)-2- 



15 (2-chloro-6-fluoro -phenyl)-! -phenyl-ethanol, usmg 2,4-difluorobenzyl magnesium 
bromide as starting material (available from BUeke Metals) was followed making non- 
critical variations, to yield the title compound. This material was used m step b) without 
further purificatioa LCMS (6 minutes method) [M+H]* = 410 @ Rt 3.19 min. major 
peak. 




20 



b) 



2-(2,4-Difluoro-phenyl)-l-morphoIin-2-yl-l-phenyl-eflianol hydrochloride. 
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The procedure for the synthesis of example 18Bb, 2-(2-Fluoro-6-chloro-phenyl)- 
l-niorpholin-2-yl-l-phenyl-ethanol hydrochloride, was followed making non-critical 
variations to yield the title compound. NMR (300MHz, CD3OD D4) 5: 2,48-2.59 (d, 
IH), 2.87-3.09 (m, 2H), 3.11-3.17 (m, 2H), 3.26-3.38 (m, IH), 3.81-3.95 (t, IH), 4.02- 
4.11 (d, IH), 4.13-4.25 (d, IH), 6.48-6.60 (m, 2H), 7.70-6.98 (m, IH) 7.08-7.28 (m, 5H). 
LCMS (12 nunutes metitod) [M+H]"*^ == 320 @ Rt 4.20 min. major peak. 

Example 21B: Preparation of 2-(2,6-Dichloro-phenvlVl-morpholin-2-vl-l-phenvl- 
ethanol hydrochloride 

a) l-(4-Beiizyl-morpholui-2-yl)-2-(2,6-dichloro-phenyl)-l-phenyI-ethanoL 



The procedure for the synthesis of example ISBa, l-(4-Benzyl-morpholin-2-yl)-2- 
(2-chloro-6-fluoro -phenyl)- 1-phenyl-ethanol, using 2,6-dichlorobenzyl magnesium 
chloride as starting material (available from Rieke Metals) was followed making non- 
critical variations, to yield the title compound. This material was used in step b) without 
further purification. LCMS (6 mmutes method) [M+H]^= 442 @ Rt 3.49 min. major 
peak. 

b) 2-(2,6-Dichloro-phenyl)-l-morphoIin-2-yl-l-phenyl-ethanol hydrochloride. 
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CIH 

To a solxttion of l-(4-Benzyl-morpholin-2-yl>2-(2,6-dichloro-phenyl)-l-pheiiyl- 
ethanol (450mg, 1 equiv.) in ethyl acetate (15mL) at room temperature under nitrogen 
atmosphere was added ammonium formate (1 .69 g, 25 equiv.) foUowed by addition of 
paUadium on charcoal (10 %, 45mg.). The reaction mixture was heated to reflux for 3 
hour, cooled to room temperature and then filtered through CeUte. All volatUes were 
evaporated under vacuum, and flie resulting soUd was purified via preparative HPLC. The 
isolated white solid was taken up in ethanol. Hydrogen chloride was added (large excess 
of 2M solution in diethyl ether) and the mixture was stirred until it became a clear 
solution. Then all the volatiles were evaporated "m vacuo", to give 60 mg of the title 
compound as white soUd-^HNMR (300MHz, CD3OD D4) 5: 2.52-2.61 (d, IH), 2.79-2.96 
(t, IH). 2.98-3.13 (t, IH), 3.15-3.19 (s, IH), 3.56-3.71 (q, 2H), 3.88-4.02 (t, IH), 4.10- 
4.21 (d, IH), 4.29-4.39 (d, IH), 6.97-7.08 (m, IH), 7.10-7.21 (m, 7H). LCMS (12 minutes 
method) [M+H]*=352 @ Rt 4.63 min. single major peak. 

ir-^ainnle 22B'. Prenaration of 2-(2^Dic hloro-phenvn-l-morpholm-2-Yl-l-plienYl- 
ethanol hydrochloride 

a) l-(4-Ben^l-morpholin-2-yl)-2-(2,5-dichloro -phenyl)-l-phenyl-ethanoL 




The procedure for the synthesis of example 18Ba, l-(4-Benzyl-morpholin-2-yl)-2- 
(2-chloro-6-fluoro -phenyl>l-phenyl-ethanol, using 2,5-dichlorobenzyl magnesium 
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chloride as starting material (available from Rieke Metals) was followed making non- 
critical variations, to yield the title compound. This material was used m step b) without 
furttier purification. LCMS (6 minutes method) [M+H]''= 442 @ Rt 3.48 min. major 
peak. 

b) 2-(2;S-Dichloro-pheiiyl)-l-morpholin-2-yl-l-phenyl-ethanolhydrocWoride. 

-CI 




HCI 

The procedure for the synthesis of example 21Bb, l-(4-Benzyl-morpholin-2-yl)-2- 
(2,6-dichloro-phenyl)-l-phenyl-ethanol, was followed making non-critical variations to 
10 die title compound. NMR (300MHz, CD3OD D4) 8: 2.49-2.61 (d, IH), 2.88-3 .1 l(m, 
2H), 3.12-3.24 (m, IH), 3.24-3.35 (m, IH), 3.41-3.53 (d, IH), 3.82-3.96 (m. IH), 4.04- 
4.25 (m, 2H), 6.90-7.00 (m, IH), 7.02-7.29 (m^ 7H). LCMS (12 minutes method) 
[M+H]'^= 352@ Rt 4.86 min. major peak 

15 Rxamnle 23B; Prenaration of 2-r2.5-Diflu oro-Dhenvn-1-morpholiii-2-Yl-l-phenyl- 
ethanol hydrochloride 

a) l-(4-Beiizyl-morphoIin-2-yl)-2-(2,5-difluoro-pheayl)-l-phenyl-ethanoL 




20 The procedure for the synthesis of example ISBa, l-(4-Benzyl-morpholin-2-yl)-2- 

(2-chloro-6-flu0ro -phenyl)-! -phenyl-ethanol, using 2,5-difluorobenzyl magnesium 
bromide as starting material (available from Rieke Metals) was foUowed making non- 
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Critical variations, to yield the titie compomd. Tins material xvas used in step b) vdihont 
further purification. LCMS (6 minutes method) [M+H]^= 410 @ Rt 3.11 min. major 
peak. 

b) 2<2^-Muoro-phenyl)-l-morpholiB-2-yl-l-phenyl-^^^^ hydrochloride. 

-F 




The procedure for the synthesis of example 18Bb, 2-(2-Fluoro-6-chloro-phenyl)- 
l.morpholin-2-yI-l-phenyl-ethanol hydrochloride, was foUowed makmg non^tical 
variations, to yieldihe title compound^HNMR (300MHz, CD30DD4)6: 2.48-2.59(4 

10 IH), 2.87-3.09 (m, 2H), 3.1 1-3.17 (m, IH), 3.26-3.38 (m, 2H), 3.81-3.95 (t, IH). 4.02- 

4.11 (d, m 4.13-4.25 (d, IH), 6.62-6.77 (m, 3H), 7.08-7.28 (m, 5H). LCMS (12 minutes 
method) [M+H]*= 320 @ Rt 4.20 min. Migle major peak. 

,>,. p.^Hnn nf 2-(7^Fliioro-S-phe«»yl-pheiiTlV1-ii.orphotin-2-yl-l: 
15 phftnvl-ethg ""^ liYHrnchloride 

a) i<4-Benzyl-morpholta-2-yl)-2-(-2-biphenyl-S-flouro-phenyI)^^^^^^ 
ethanoL 




20 



The procedure for tixe synthesis of example 18Ba, l-(4-Benzyl-moipholin-2-yl)-2- 
(2-chloro-6-fluoro -phenyl)- 1-phenyl-eti.^ol, usmg 2-phenyl-5-fluorobenzyl magnesium 
bromide as starting material was followed making non-critical variations, to yield tixe titie 
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compound. This material was used in step b) without further purification. LCMS (6 
minutes method) [M+H]^= 468 @ Rt 3.62 min. major peak. 

b) 2-(2-Fluoro-5-phenyl-phenyl)-l-morpholiii-2-yl-l-phenyl-ethanol 
hydrochloride. 




HCl 

The procedure for the synthesis of example ISBb, 2-(2-Fluoro-6-chloro-phenyl)- 
l-morpholin-2-yl-l-phenyl-ethanol hydrochloride, was foUowed making non-critical 
variations to the title compound. NMR (300MHz, CD3OD D4) 8: 2.35-2.48 (d, IH), 
10 2.77-2.91 (t, IH), 2.91-3.04 (m, IH). 3.04-3.16 (m, IH), 3.22-3.28 (m, IH), 3.30-3.42 (m, 
IH), 3.66-3.87 (m. 2H), 4.01-4.14 (d, IH), 6.70-6.89 (m, 5H), 6.98-7.11 (m, 4H), 7.14- 
7.25 (m, 4H). LCMS (12 minutes method) {M+HS" = 378@ Rt 5.22 min. m^or peak. 

Solid Phase Svntbtssig of Com pnunds of Formulae (IB) 

15 Compoimds of the mvention wherein M is substituted with an aromatic group 

(i.e., pyridyl, thiophenyl, and optionally substituted phenyl) can be prepared by solid 
phase synthesis using the route shown below (the black dot represents polystyrene resin). 
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The sequence is preferably performed on a polystyrene resin, without 
characterization of the resin-bound intermediates. 

i) Aliquots (52 mg, 0.05 mmoles) of p-nitrophenyl carbonate resin (Novabiochem) were 
dispensed into 4.5 ml MiniBlock reaction tubes (Mettler-Toledo). To each resin was . 
added DMF (0.5 ml) followed by a 0.2M solution of 2-(2-bromo-phenyl)-l- 
morpholin-2-yH-phenyl-ethanol in DMF (0.5 ml, 0.1 mmoles). The tubes were 
sealed and agitated by orbital shaking for 24 hrs. The resins were then filtered and 
washed with DMF (3 x 1,0 ml), a solution of diisopropylethylamine (0.25 ml) in DMF 
(1.0 ml) and finally DMF (4 x 1.0 ml). 

ii) To each resin was added a 2M solution of an optionally substituted aryl boronic acid 
in DMF (0.5 ml, 1.0 mmoles), a 0.5M solution of triphenylphosphine in DMF (0.2 ml, 
0.1 mmoles), a 0.25M solution of Pd(n) acetate in DMF (0.2 ml, 0.05 mmoles) and a 
1.25M solution of caesium carbonate in water (0.1 ml, 0.125 minoles). The tubes 
were sealed, agitated by orbital shaking and heated at 80° for 20 hrs. The reactions 
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•were then cooled to ambient temperature and the resins washed with DMF (2x1.0 
ml), MeOH (3 x 1.0 ml) and DCM (4 x 1.0 ml). 

iii) To each resin was added a TFA/H2O mixture (95:5 v/v, 1 ml). The tubes were sealed 
5 and agitated by orbital shaking for 6 hrs. The reactions were filtered and washed with 
DCM (2x2 ml). Appropriate filtrates and washings were combined and volatile 
components removed by vacuum evaporation. Each residue was dissolved in MeOH 
(1 ml) and the solutions applied to MeOH-washed SCX-2 cartridges (0.5 g/3.0 ml) 
(Jones Chromatography). After draining xmder gravity the cartridges were washed 
10 with MeOH (2.5 ml) and the products then eluted using a 2M solution of ammonia in 

MeOH (2.5 ml). Removal of volatile components by vacuum evaporation gave the 
desked products which were purified by preparative LCMS. 

By this means were prepared: 

15 

Example 2SB 

2-(4Vmethyl-biphenyl-2-yl)-l-morpholin-2-yl-l-phenyl-efhanol, RT (6 min graxiient) 3.11 
min, [M+H]'' 374.2 

20 Example 26B 

2-(4 -chloro-biphenyl-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol, RT (6 min gradient) 3.36 
min, [M+H]'' 394.2 

Example 2TB 

25 2-(4 -methoxy-biphenyl-2-yl)- 1 -morpholin-2-yl- 1 -phenyl-ethanol, RT (6 min gradient) 
3.37 min, [M+Hf 390.2 

Example 28B 

2-(3'-fluoro-biphenyl-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol, RT (6 min gradient) 3.39 
30 min, [M+H]"" 378.4 
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E3camDle29B 

2-(3'-chloto-biphenyI-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol, RT (6 min gradient) 3.53 
min, [M+Hl* 394.4 

5 Example 30B 

2-(3'-methoxy-biphenyl-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol, RT (6 min gradient) 
3.31 min, [M+H]"" 390.4 

Example 31B 

10 2-(3'-methyl-biphenyl-2-yl)-l-morpholin-2-yl-l-phenyl-e1iianol, RT (6 min gradient) 3.45 
min, [M+IS\* 374.4 

Example 32B 

2-(3',5'-dichloro-biplienyl-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol, RT (6 min gradient) 
15 3.71 min, [M+H)* 428.3 

Example 33B 

2-(2',4'-dimethyl-biphenyl-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol, RT (6 min gradient) 
3.59 min, [M+H]* 388.4 

20 

Example 34B 

2-(2',4'-dimethoxy-biphenyl-2-yl)-l-morpholin-2-yl-l-phenyl-ethanol, RT (6 min 
gradient) 3.33 min, [M+Hf 420.4 

25 Example 3SB 

l-morpholin-2-yl-l-phenyl-2-(2-pyridin-3-yl-phenyl)-ethanol, RT (6 min gradient) 2.17 
min,[M+ir|''361.4 



Example 36B 

30 l-morpholin-2-yl-l-phenyl-2-(2-thiophen-3-yl-phenyl)-ethanol, 3.25 min, [M+H]* 366.4 
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Example 37B 

2<3%4'Kiicmoro-biphenyl-2-yl)-l-morpholin-2-yI-l-phenyl-et]iaiiol, RT (6 min gradient) 
3.56 mm,[M+H]'" 428.1 

5 The following examples illustrate compounds of of Formulae (IC) above and 

methods for their preparation. 

ftcneral Synthetic Procedures for the pre naration of Examples 1C-17C 

10 The numbers included in the following Sections refer to the compounds 

illustrated in Schemes 2C to 6C herein. 

funeral Procedwe ICi Preparation of rac emic jV-substitiited arvl thiols 

To a solution of 5Ca,5Cb (0.02 g, 0.52 mmol) and tiie requisite aryl thiol (1.1 eq) 
15 in anhydrous dimelhylformamide (1 ml) at room temperature under nitrogen was added 
cesium carbonate (1.1 eq, 0.19 g, 0.57 mmol). The reaction mixture was heated to 95°C 
for 2 hours. The reaction mixture was allowed to cool to room temperature, diluted with 
ethyl acetate, then washed sequentially witii water, brine, dried over magnesium sulphate 
and finally concentrated in vacuo. 

20 

r^eneral Procedure 2Ca: Deprntection of AUnbstituted arvl thiols 

To a solution of tiie requisite AT-benzyl aryl thiol m anhydrous dichlorometiiane 
(5ml) was added soUd supported Httaig's base (Argonaut, 3.56 mmoVg, 2 eq) and a- 
chloroethyl chloroformate (3 to 10 eq) at room temperature under nitrogen. The reaction 

25 mixture was heated to 40°C and followed by LCMS analysis. After completion tiie 

reaction mixture was filtered, and tiie resin washed witii dichloromethane. The combined 
organic phases were concentrated in vacuo. Methanol (HPLC grade, 25 ml) was added 
and the solution heated to SO^C for 1 .5 to 4 hours. After complete consumption of starting 
material the methanol solution was evaporated to give a solid which was fiirther purified 

30 as detailed for individual con^unds. 
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General Procedure 2Cb: Deprotection of jV-substitated arvl thiols 

To a solution of the requisite iV^beuzyl aryl thiol (1 eq) in ethyl acetate at room 
temperature was added phenylchlorofonnate (3 eq). The mixture was warmed under 

5 reflux for 2 hours. The mixture was then cooled to room temperature and 30% NaOH 
with water was added over 1 hour. The biphasic system was stirred for 1.5 hours at room 
temperature and the organic layer was separated. The organic layer was washed with 
water, dried over MgS04, filtered and rinsed with ethyl acetate. 

To the mixture of carbamate and benzylchloride in ethyl acetate was added 5.6M 

10 dimethylamine in ethanol. The solution was waraied under reflux (70-72°C) for 2 hours. 
After cooling at room temperature, water and 12N HCl were added and the mixture was 
stirred for 10 minutes. The layers were separated and the organic phase was washed twice 
with water. Then the organic layer was concentrated (T=50°C) xmtil crystallization. 
MeOH was added and approx. 40% of solvent was then removed imder reduce pressure, 

15 tills operation was repeated. The heterogeneous mixture was stirred for 0.5 hours at room 
temperature and filtered. The precipitate was washed twice with MeOH and dried under 
reduce pressure at 40°C to yield the carbamate. 

To a biphasic mixture of 30% NaOH and isopropanol warmed to 65°C, was added 
the carbamate. The heterogeneous mixture was warmed imder reflux for 4 hours and then 

20 cooled to room temperature and post-agitated overnight The organic layer was 

concentrated under reduce pressure and the yellow solid obtained was added to a mixture 
of AcOEt and IN NaOH. Afler separation of the layers, the organic one was washed with 
IN NaOH. The aqueous layers were combined and extracted with AcOEt. The combined 
organic layers were dried over MgS04, filtered and concentrated under reduce pressure to 

25 dryness to obtain the firee amine. 

General Procedure 3C; Conversion of amines into hydrochloride salts 



30 



To a solution of the requisite amine in dry diethyl ether (1 ml) was added 
hydrochloric acid (500 |il of a IM solution in diethyl ether). A white precipitate 
immediately formed. The suspension was then sonicated for 5 minutes. Ether was blown 
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off with a stream of nitrogen and the samples were dried under high vacuum for several 
hours to give the hydrochloride salts in near quantitative yield as white solids. 

General Procedure 4C; Aldoladdition with substituted benzaldehvdes 

5 Preparation of 38Ca,38Cb; 39Ca.39Cb; 40Ca,40Cb 

JNT-BerLzylmorpholinone (1.0 eq) and the requisite aldehyde (1.1 eq) were dissolved 
in anhydrous tetrahydrofuran (25 ml) under nitrogen and the reaction cooled to -78°C. 
Then, lithium diisopropylamide (1.1 eq of a 2M solution in 

heptane/tetrahydrofuran/ethylbenzene) was added over approximately 20 minutes, whilst 
10 maintaining the reaction tOTiperature below -78**C. The resulting yellow solution was 
stirred at -78°C for 1 hour and then allowed to warm to room temperature. The reaction 
was quenched with saturated ammonium chloride solution (25 ml) and extracted into 
ethyl acetate. The. combined organic layers were dried with magnesium sulphate, filltered 
and concentrated in vacuo, to give a yellow oil which was purified by colxamn 
15 chromatography on silica gel (eluent: ethyl acetate/hexane 70/100 [v/v]). 

General Procedure SC: Reduction of substituted aldoi adducts 

Preparation of 41Ca,41Cb; 42Ca.42Cb; 43Ca.43Cb 

To a solution of the requisite amide 38Ca,38Cb, 39Ca,39Cb or 40Ca,40Cb (1.1 
20 mmol) in anhydrous tetrahydrofuran under nitrogen at room temperature was slowly 

added borane (4 eq of a IM solution m tetrahydrofuran). The solution was stirred at eO^'C 
for 2 hours. The reaction was cooled to room temperature; dry methanol (excess) was 
slowly added, followed by aqueous hydrochloric acid solution (IM, excess). The reaction 
mixture was heated to 60°C for 1 hour and quenched with aqueous potassium carbonate 
25 solution (IM, excess) and extracted with diethyl ether. The combined organic layers were 
washed with brine, dried with magnesium sulphate, filtered and concentrated in vacuo 
yielding a yellow oil which was purified by column chromatography on silica gel (eluent: 
ethyl acetate/hexane 10/100 [v/v]). 
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Preparation of mtermediates for the synthesis of Examples 1C-17C 
4-Benzylniorpholin-3-one (2Q 




A solution of iV-ben2yl-iV-(2-hydroxyethyl) chloroacetamide (627.7 g, 2.76 mol) 
in tert-hutaxxol (0.9 1) was stirred xinder nitrogen while warming to 25-30'='C. Potassium 
tert-butoxide (2.897 1 of a IM solution in tert-hutanol, 2.90 mol, 1.05 eq) was added over 
2 hours. The reaction mixture was then stirred at room temperature for 90 minutes. Ice- 
cold water (6 1) was added and the resultant cloudy solution extracted with ethyl acetate. 
The combined organic layers were washed with brine, dried over magnesixmi sulphate 
and evaporated in vacuo to give a light brown oil (441 g, 84%), which was used in the 
next stage without further purification; MW 191.23; C11H13NO2; NMR (CDCI3): 7.29- 
7.40 (5H, m), 4.67 (2H, s), 4.28 (2H, s), 3.87 (2H, t, 5 Hz), 3.31 (2H, t, 5 Hz); LCMS: (12 
min method) m/z 192 [M4-H]+ @ Rt 1 .00 min. 

(2S)-(4-Benzyl-morpholin-2-yI)-phenyI-methanone (3Ca) and (2R)-(4-Benzyl- 
morpholin-2-yI)-phenyl-methanone (3Cb) 




Described above under the "Synthesis of Intermediates" section for compoxmds of 
Formula (IB). 



(5)-PhenyI[(25)-4-(phenylmethyl)morphoIin-2-yl]methanoI (4Ca) 
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To a stirred solution of [(-)-j8-chloroclisopinocampheylboraae] (45 g, 140 mmol) 
in dry tetrahydrofbran (300 ml) under nitrogen was added 3Ca (7.97 g, 28.4 mmol) in one 
portion. The reaction mixture was stirred at room temperature for 18 hours. The mixture 
was ev£5)orated in vacuo and extracted jfrom 2M aqueous sodium hydroxide solution into 
ethyl acetate. The combined organic extracts were washed with brine, dried, filtered and 
evaporated. The crude product was taken up in chloroform/methanol (1:1 [v/v]) and 
absorbed onto 150g SCX-2 ion exchange resin. After elution of borane residues with 
methaaol the product was eluted with 2M ammonia in methanol. Removal of solvent in 
vacuo yielded the product as yellow oil. This was further purified by flash 
chromatography (eluent: ethyl acetate/isohexane 80/20 [v/v]). After removal of solvents, 
the product crystallised on standing (6.73g, 84%); MW 283.37; C18H21NO2; ^HNMR 
(CDCI3): 7.32-7.45 (lOH, m), 4.67 (IH, d, 7 Hz), 4.03 (IH, dt, 11 Hz and 2 Hz), 3.86- 
3.73 (2H, m), 3.64 (IH, d, 13 Hz), 3.39 (IH, d, 13 Hz), 3.30 (IH, br, s), 2.68 (IH, d, 12 
Hz), 2.56 (IH, d, 10 Hz), 2.28-2.15 (2H, m); LCMS: m/z 284 P^+H]+ @ Rt 0.95 min. 

(2iS)-2-[(J?)-bromo(phenyl)methyl]-4-(pheiiylmethyl)moipholm^ 



To a solution of 4Ca (4.71 g, 16.6 mmol) in anhydrous chloroform (200 ml) under 
nitrogen was added triphenylphosphine dibromide (14.04 g, 33.26 imnol). The reaction 
mixture was heated at 60**C overnight. The mixture was allowed to cool to room 
temperature then washed with saturated aqueous sodium carbonate solution, dried over 
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sodium sulphate and concentrated in vacuo. The resulting residue was purified by flash 
chiomatogcaphy on silica (eluent: ethyl acetate/isohexane gradient 10/90 to 30/70 [v/v]) 
to give 5Ca as a white soUd (4.63 g, 81%); MW 346.27; Ci8H2oBrNO; ^HNMR (CDCI3): 
7.14-7.39 (lOH, m), 4.83 (IH, d, 7 Hz), 4.01 (IH, br, t, 8 Hz), 3.73 (IH, br, d, 1 1 Hz), 
5 3.60-3.48 (2H, m), 3.39 (IH, d, 12 Hz), 3.20 (IH, d, 1 1 Hz), 2.50 (IH, d, 10 Hz), 2.07 
(2H, t, 10 Hz); LCMS: (6 min method) m/z 346 |M|+ @ Rt 2.51 min. 

(25)-2-[(5)-Hydrosy(phenyl)methyI]-4-(phenylmethyI)morpholm-3-one (6Ca) and 
(2<S)-2-[(J?)-Hydroxy(phenyl)methyl]-4-(phenyImethyl)morpholin-3-one(6Cb)and 
10 (22?)-2-[(5)-Hydroxy(phenyl)methyl]-4-(phenylmethyl)morphoIin-3-one (6Cc) and 
(2i;)-2-[(fi)-Hydrosy(phenyI)methyl]-4-(phenyImethyl)morphoIin-3-one (6Cd) 

To a stirred solution of 2C (5.02 g, 26 mmol) in anhydrous tetrahydrofuran (25 
15 ml) under nitrogen at -78°C was added lithium diisopropylandde (1.5 eq, 39 mmol, 19.5 
ml of a 2M solution in heptane/tetrahydrofuran/ethylben2;ene) over approximately 20 
minutes, whilst maintaining the reaction temperature below -75^C. The resulting brown 
solution was stirred for a further 30 minutes at -78°C, before being added over 
approximately 30 minutes to a solution of benzaldehyde (1.2 eq, 3.29 g, 31 mmol) in 
20 anhydrous tetrahydrofuran (1 5 ml) under nitrogen at -78X, whilst again maintaining the 
reaction temperature below -75^C. The resulting yellow solution was stirred at -78**C for 1 
hour, before being allowed to warm to room temperature slowly over 1 hour. The reaction 
mixture was cautiously quenched by addition of saturated ammonium chloride solution 
(50 ml) and the tetrahydrofuran was evaporated in vacuo. The resvilting cloudy aqueous 
25 solution was extracted with dichloromethane, and the organic extracts were combined, 
washed with brine, dried over sodiimi sulphate and the dichloromethane evaporated in 
vacuo to give a thick brown oil (9.2 g), which partially crystallised on standing. After 
purification by flash column chromatography (eluent: ethyl acetate/dichloromethane 
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10/90 to 20/80 gradient [v/v]) 6Ca,6Cb was obtained as light red crystals (2.46 g, 32%); 
MW 297.36; C18H19NO3; ^HNMR (CDCI3): 7.36-7.41 (2H, m). 7.16-7.31 (6H, m), 6.86- 
6.91 (2H, m). 5.14 (IH, d, J 3 Hz), 4.71 (IH .d, 14 Hz), 4.48 (IH, d, J 3 Hz), 4.25 (IH, d, 
14 Hz), 4.20 (IH, br, s), 3.89 (IH, ddd, 12 Hz, 3 Hz, 2 Hz), 3.67 (IH, dt. 11 Hz, 3 Hz), 

5 3.16 (IH, dt, 12 Hz and 4 Hz), 2.86 (IH, br, d, 12 Hz); LCMS: m/z 298 [M+H1+ @ Rt 
1 .24 min. 6Cc, 6Cd was isolated as a brown solid (1 .42 g) contaminated with 2C. 
Trituration with ethyl acetate afforded pure 6Cc,6Cd as a white solid (0.484 g, 6%); MW 
297.36; C18H19NO3; *HNMR (CDCI3): 7.55-7.61 (2H, m), 7.36-7.50 (6H, m), 7.25-7.31 
(2H, m), 5.21 (IH, d, 2 Hz), 5.09 (IH, d, J 7 Hz and 2 Hz), 4.73 (2H, s), 4.37 (IH, d, J 8 

10 Hz), 4.01 (IH, ddd, 12 Hz, 3 Hz, 2 Hz), 3.77 (IH, dt, 1 1 Hz, 4 Hz), 3.50 (IH, dt, 12 Hz, 4 
Hz), 3.16 (IH, br, d, 12 Hz); LCMS: m/z 298 [M+H]+ @ Rt 1.24 min. 

(iS)-Phenyl[(25)-4-(phenylmethyl)morpholiit-2-y]]metluiiioI(4Ca) 

and 

15 (i?)-Pheiiyl[(2JC)-4-(phenylmettiyl)morpholm-2-yllmethaiiol (4Cb) 

l_l OH OH 

cf^ Cro 

To a solution of 6Ca,6Cb (0.033 g, 1.1 mmol) in anhydrous THF (5 ml) under 
nitrogen at room temperature was slowly added borane (4 eq, 4.4 ml of a IM solution in 
tetrahydrofurao, 4.4 nrniol). The solution was stured at 60°C for 2 hours. After cooling 

20 down to room temperature, dry methanol (2 ml) was slowly added to quench excess 
borane reagent. After addition of aqueous hydrochloric acid solution (2 ml of a IM 
solution) the reaction mixture was heated to 60^*0 for 1 hour. The organic solvents were 
evaporated in vacuo and the concentrated solution was poxared onto aqueous potassium 
carbonate solution (10 ml of a IM solution) and extracted with diethyl ether (2 x 20 ml). 

25 The combined organic layers were washed with brine, water, dried over magnesium 

sulphate and concentrated in vacuo. Purification by flash column chromatography (eluent: 
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hexane/ethyl acetate/triethylatniBe 90/9/1 [v/v/v]) gave a viscous oil (0.19 g, 60%); MW 
283.37; C18H21NO2; *HNMR (CDC13): 7.45-7.32 (lOH, m), 4.67 (IH, d, 7 Hz), 4.03 (IH, 
dt, 11 Hz, 2.7 Hz), 3.86-3.73 (2H, m), 3.64 (IH, d, 13 Hz), 3.39 (IH, d, 13 Hz), 3.30 (IH, 
br, s), 2.68 (IH, d, 13 Hz), 2.56 (IH, d, 11 Hz), 2.28-2.15 (2H, m); LCMS: m/z 284 
5 [M+H]+@Rt0.95inin. 

(R)-[(25)-4-Ben2ylmorpholinyl](phenyl)metlianol (4Cc) 

and 

(5)-[(2J?)-4-Beiizylinorpholinyl](phenyl)methanol(4Cd) 



Using the procedure described for the preparation of 4Ca,4Cb starting from 
6Cc,6Cd (0.14 g, 0.45 mmol) 4Cc,4Cd was obtained as a viscous oil (0.098 g, 68%); 
MW 283.37; CigHjiNOa; ^H NMR (CDCI3): 7.17-7.28 (lOH, m). 4.80 (IH, d, 4 Hz), 3.88 
(IH, dt, 11 Hz, 3 Hz), 3.72 (IH, m), 3.61-3.68 (IH, m), 3.50 (IH, d, 13 Hz), 3.25 (IH, d, 
15 13 Hz), 2.52 (2H, br, t, 12 Hz), 2.17 (IH, t, 11 Hz), 2.08 (IH, td, 11 Hz, 3 Hz); LCMS: 
m/z 284 [M+H]+ @ Rt 0.98 min. 

(25)-2-[(J!)-Bromo(phenyl)me<hyl]-4-(phenylmethyl)morpholme (5Ca) 
and 

20 (2J{)-2-[(iS)-Bromo(pheiiyl)methyll-4-(phenylmethyI)morpholine (5Cb) 



To a solution of 4Ca,4Cb (10.27 g, 36.29 mmol) in anhydrous dichloromethane 
(150 ml) under nitrogen at room temperature was added freshly recrystallised 



10 
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triphenylphosphine (13.32 g, 50.80 mmol, 1.4 eq) followed by carbon tetrabromide 
(16,85 g, 50.8 mmol, 1.4 eq) as a solution in anhydrous dichloromethane (50 ml). After 
15 minutes the reaction mixture was diluted with dichloromethane (100 ml) and washed 
with saturated aqueous solution of sodium hydrogencarbonate, brine, dried over 

5 magnesium sulphate and concentrated in vacuo to give an orange oil (42.0 g). To the 
orange oil was added diethyl ether (200 ml) and the resulting suspension was sonicated 
for 30 minutes. The solvent was decanted and the process repeated with a further portion 
of diethyl ether. The combined organic extracts were concentrated in vacuo to yield an 
orange solid (22.0 g) which was purified by flash column chromatography (eluent: ethyl 

10 acetate/hexane/triethylamine 10/89.5/0.5 [v/v/v]) 5Ca,5Cb was otained as a white soUd 
(7.20 g, 57%). Altemative Work-up: The reaction mixture was poured onto a silica (160 
g) mtration pad which was washed with dichloromethane (14 x 250 ml). After removal of 
solvOTts in vacuo and pxirijacation by flash column chromatography (eluent: ethyl 
acetate/hexane/triethylamine gradient 5/94.5/0.5 to 10/89.5/0.5 [v/v/v]) to give a white 

15 soUd (6.05 g, 48%); MW 346.27; CigHxoBrNO; NMR (CDCI3): 7.14-7.39 (lOH, m), 
4.83 (IH, d, 7 Hz), 4.01 (IH, br, t, 8 Hz), 3.73 (IH, br, d, U Hz), 3.48-3.60 (2H, m), 3.39 
(IH, d, 12 Hz), 3.20 (IH, d, 11 Hz), 2.50 (IH, d, 10 Hz), 2.07 (2H, t, 11 Hz); LCMS: m/z 
348/346 [M+H]+ @ Rt 1.20 min. 

20 4-[(LR)-l-PhenyIethyllmorpholine-(2*S)-carbomtrile (47Ca) 
and 

4-[(llt)-l-Phenylethyllmorpholine-(2i?)-carbonitrile(47Cb) 




To (if)-(-)-2-hydroxyefhyl-a-phenethylamine (1.65 g, 10.0 mmol) in diethyl ether 
25 (lOml) was added at room temperature 2-chloroacrylonitrile (0.80 ml, 10.0 mmol) with 
stirring. The mixture was stirred at room temperature for 4.5 days when additional 2- 
chloroacrylonitrile (0.8 ml, 10.0 mmol) was added. After stirring another 3.5 days, the 
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reaction mixture was concentrated in vacuo to give an oil. The oil was dissolved in dry 
tetrahydrofuran (30 ml), cooled under nitrogen to 0*>C and potassium fert-butoxide (1.23 
g, 1 1 .0 mmol) added. The solution was stirred at 0°C for 2 hours then at reflux for 1 .5 
hours, cooled, diluted with diethyl ether and washed with aqueous saturated sodium 
5 bicarbonate. The organic phase was extracted with 2N hydrochloric acid and the aqueous 
made basic by addition of solid sodium bicarbonate and extracted with diethyl ether. The 
organic phase was dried over magnesium sulphate, filtered and evaporated to a brown oil. 
The crude product was purified by flash chromatography (eluent: etiiyl acetate/hexane 
gradient 100% ethyl acetate to 50/50 [v/v]) to give 47Ca,47Cb as a colourless oil (0.58g, 
10 27%%); MW 216.29; C13H16N2O; *H NMR (CDCI3) 7.25-7.38 (5H, m), 4.6 (IH, dd), 

4.54 (IH, dd), 3.91-4.06 (2H, m), 3.66-3.82 (2H, m). 3.39-3.49 (2H, m), 2.30 -2. 89 (4H, 
m), 1.39 (3H, d). m/z [M+Hf 217. 

Pheiiyl{(2S)-4-[(llE)-l-phenyleiliyl]morphoIin-2-yl}meflMinone(48Ca) 

15 and 

Phenyl{(2i?)-4-[(lJ?)-l-phenylethyl]morpholin-2-yl}meflianone(48Cb) 




To a stirred solution of 47Ca,47Cb (0.57 g, 2.64 mmol) in dry tetrahydroforane 
20 (10 ml) at 0°C under nitrogen was added a solution of phenylmagnesium chloride in 
tetrahydrofiirane (2.0 M, 2.67 ml) dropwise over 2 minutes. The pale yellow solution was 
stirred at 0°C for 30 minutes and then allowed to warm to room temperature. After 2 
hours the mixture was cooled, quenched with 2M hydrochloric acid and was stirred 
vigorously for 1 hour at room temperature. After addition of water and extraction with 
25 ethyl acetate, the combined organic layers were washed with brine, dried over magnesium 
sulphate, filtered and evaporated to give an oil (0.63 g). After purification by column 
chromatography (eluent: ethyl acetate/hexane gradient 0/100 to 20/80 [v/v]) 48Ca was 
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obtained as an oil (0.15 g, 19%%); MW 295.38; C19H21NO2; NMR (CDCI3) 8.00 (2H, 
d). 7.60 (IH, t), 7.50 (2H, t), 7.20-7.35 (5H, m), 4.96 (IH, d), 3.93-4.00 (IH, m), 3.70- 
3.80 (IH, m), 3.41 (IH, q), 3.25 (IH, br, d), 2.59 (IH, br, d), 2.13 -2. 36 (2H, m), 1.38 
(3H, d). m/z [M+H]* 296 followed by 48Cb as an oU (0.27 g, 35%%) ^H ISfMR (CDCI3) 
5 7.90 (2H, d), 7.54 (IH, t), 7.45 (2H, t), 7.20-7.38 (5H, m), 4185 (IH, d), 4.05-4.12 (IH, 
m), 3.80-3.92 (IH, m), 3.43 (IH. q), 2.86-3.00 (2H, m), 2.29-2.40 (IH, m), 2.21 (IH, t), 
1.38 (3H, d). m/z [M+H]"" 296. 

(R)-Phenyl{(2S)-4-[(lR)-l-phenylethyl]inorpholin-2-yl}methanol(50C) 

H 

N 

10 

To a stirred solution of 48Ca (0.08 g, 0.26 mmol) and triphenylsilane (0.34 g, 1.31 
mmol) in dichloromethane (4 ml) cooled to 0°C was added boron trifluoride etherate 
(0.09 g, 0.66 nnnol) followed by trifluoroacetic acid (0.36 ml, 63 mmol). The reaction 
mixture was allowed to warm to room temperature and diluted after three hours with 

15 dichloromethane (20 ml) and neutralised with aqueous sodium bicarbonate. The organic 
phase was dried over magnesium sulphate, filtered and evaporated to give the required 
product This was purified as its hydrochloric acid salt crystallising fi»m isopropanol and 
diethyl ether (0.05 g, 69%%); MW 297.4; C19H23NO2; ^H NMR (CDCI3) on fi«e base 
7.08-7.29 (lOH, m), 4.78 (IH, d), 3.90-4.00 (IH, m), 3.57-3.68 (2H, m), 3.33 (IH, q), 

20 2.53-2.64 (IH, m), 2.37-2.47 (IH, m), 2.09-2.26 (2H, m), 1 .29 (3H, d). m/z [M+Hf 298. 

(R>Phenyl{(2S)-4-[(lR)-l-phenylethyl]morpholin-2-yl}methylmethanesulphonate 
(51C) 
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To a solution of 50C (0.05 g, 0.17 mmol) in dichloromethane (1 ml) at room 
temperature was added polymer supported Hfinig*s base ((Argonaut, 3.56 mmol/g, 0.089 
g, 0.32 mmol, 1.9 eq) and metiiaiiesulphonyl chloride (0.02 g, 0.19 mmol). The mixture 

5 was stirred imder nitrogen for 6 hours thai filtered and concentrated in vacuo. The crude 
product was purified by flash column chromatography (eluent: ethyl acetate/heptane 
33/67 [v/v]) to give 51C as a colourless oil (0.035 g, 55%%); MW 375.49; C20H25NO4S 
^HNMR (CDCb) 7.20-7.35 (lOH, m), 5.46 (IH, d), 3.79-3.88 (2H, m), 3.59 (lH,td), 3.4 
(IH, q), 2.68-2.78 (2H, m), 2.68 (3H, s), 2.03-2.24 (2H, m), 1.34 (3H, d). m/z [M+H]-' 

10 376. 



(2S)-4-[(lR)-l-Phenylethyl]-2-((S)-phenyl{[2- 
(trifluoromethyl)phenyl]fhio}methyI)morpholme(52C) 

r^ y ^ 

15 A mixture of 51C (0.035 g, 0.093 mmol), potassium carbonate (0.026 g, 0.19 

mmol) and 2-trifluoromethylbenzenethiol (0.084 g, 0.47 mmol) in dry, degassed 
dimethylformamide (0.5 ml) was stirred under nitrogen at room temperature for 3 days. 
The reaction mixture was diluted with y/fsba: and extracted with diethyl ether. The extracts 
was washed with water and brine, dried over m^esium sulphate, filtered and evaporated 

20 to give a colourless oil (0.03 g, 71%). Purification by flash column chromatography 
(eluent: ethyl acetate/heptane 20/80 [v/v]) gave 52C as a colourless oil (0.03 g, 71%); 
MW 457.56; C26H26F3NOS ^HNMR (CDCI3) 7.53 (IH, d), 7.10-7.28 (13H, m), 4.39 (IH. 
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d), 3.85-4.04 (2H, m), 3.8 (IH, td), 3.35 (IH, q), 2.70 (IH, d). 2.40 (IH, d), 2.30 (IH. td), 
2.10-2.20 (IH, m), 1.29 (3H, d). m/z [M+H]*458. 

F/ram plc 1C: r25>-2-(6V^-Phenvm2-( *rifliinmmethvnphenYn thiolmethyl) 

5 morpholine (9C) 

(5)-Phenyl[(2S)-4-(phenylmethyl)morphoIin-2-yllmethyl2-trifluoromethy^ 

sulfide (8C) 





Compound 8C was obtained from 5Ca (4.00 g, 11.55 mmol), 2-trifluoromethyl 
10 fhiophenol (2.47 g, 13.86 mmol, 1.2 eq) and caesimn carbonate (4.95 g, 15.24 mmol, 1.1 
eq) in dimethylfonnamide (60 ml) as a brown oil foUowing a modification of General 
Procedure IC in which the reaction was carried out over 1 hour (6.04 g). The oil was 
purified by flash column chromatography (eluent: hexane/ethyl acetate gradient 100 to 
90/10 [v/v]) to give a yeUow oil (4.83 g, 94%); MW 443.54; CzsHmFsNOS; NMR 
15 (CDCI3): 7.60 (IH, dd, 7 Hz, 1 Hz), 7.17-7.39 (13H, m), 4.50 (IH, d, 7 Hz), 3.97-4.12 
(2H, m), 3.73 (IH, dt, 10 Hz, 2 Hz), 3.59 (IH, d, 13 Hz), 3.37 (IH, d, 13 Hz), 2.57-2.68 
(2H. m); 2.18-2.38 (2H, m); LCMS (2.5 minute method): m/z 445 [M+H]+ @ Rt 1.50 



mm. 



20 (2S>.2-((5)-Phenyl{[2-(trifluoromethyl)phenyl]thio}methyl)morphoUne (9C) 

F 



F. 
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Compoxuid 9C (Example IC) was obtained from 8C (5.25 g, 11.84 mmol), solid 
supported HtJnig's base (Argonaut, 3.56 mmol/g, 6.64 g, 23.67 mmol, 2 eq) and a- 
chloroethyl chloroformate (3.83 ml, 35.51 mmol, 3 eq) in anhydrous dichloromethane (75 
ml) following General Procedure 2Ca. After evaporation of solvents a light brown solid 

5 (5.60 g) was obtained which was recrystallised from iso-propanol. The solid was 
suspended in ethyl acetate and washed with an aqueous solution of sodiimi hydroxide (50 
ml of a IM solution). The organic layer was washed with brine, dried over magnesium 
sulphate and concentrated in vacuo to yield the free iamine as a colourless oil (3,10 g, 
74%); MW 353.41; CigHigFsNOS; NMR (CDCI3): 7.46 (IH, d, 8 Hz), 7.24 (IH, d, 7 

10 Hz), 7.05-7.2 (7H, m), 4.28 (IH, d, 8 Hz), 3.92 (IH, d, 11 Hz), 3.80 (IH, q, 7 Hz), 3.58 
(IH, dt, 2 Hz and 11 Hz), 2.69-2.87 (2H, m), 2.59 (2H, d, 6 Hz), 2.13-1.90 (IH, br s); 
LCMS (10 minute method): m/z 354 [M+H]+ @ Rt 5.26 min. The hydrochloride salt of 9 
was obtained following General Procedure 3C. 

15 An alternative method for the preparation of compoxmd 9C (Example IC), 

according to Scheme 6C, is as follows: 

To a suspension of polymer supported Htinig's base (0.1 1 g, 0.40 mmol) and 52C 
(0.03 g, 0.066 mmol) in dry dichloromethane (1 ml) was added a-chloroelhyl 
chloroformate (0.09 g, 0.066 mmol) at room temperature under nitrogen. The mixture was 

20 stirred at room temperature over the weekend then filtered and concentrated in vacuo. 
This was taken up in methanol, heated at 70°C for 2 hoxirs, cooled, and purified by SCX 
chromatography (eluent: ammonia/methanol 1/1 [v/v]) to give 9C as a colourless oil 
(0.01 g, 43%). The spectroscopic data for 9C obtained by the route outlined here was 
identical to the data for 9C obtained as described above. 

25 

Example 2C; f25^-2-((iS^-PhenvUr2-fthiomethvnDhenvl1thiolmethvn morDholine 

dio 

(25)-2-[(iS)-{[2-(methylthio)phenyl]thio}(phenyQmethyl]-4- 
(phenylmethyl)morpholme (IOC) 
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Compound IOC was obtained from 5Ca (4.0 g, 11.55 mmol), 2-methylsulphenyl- 
tbiophenol (2.17 g, 13.86 mmol, 1.2 eq) and caesium carbonate (4.42 g, 13.63 mmol, 1.18 
eq) in dimethylformamide (35 ml) following a modification of General Procedure IC in 
5 which the mixture was heated at 50°C for 1 .5 hours, allowed to cool to room temperature, 
taken up in methanol and treated with SCX-2 (100 g). The SCX-2 was washed with 
methanol. IOC was obtained as a white solid (4.92 g) after SCX chromatography (eluent: 
ammonia/methanol 1/1 [v/v]) and removal of solvents in vacuo. Purification by flash 
column chromatography (eluent: ethyl acetate/isohexane gradient 10/90 to 30/70 [v/v]) 
10 gave IOC as a white soUd (4.04 g, 83%); MW 421.63; C27H27NOS2; NMR (CDCI3): 
7.03-7.15 (6H, m), 6.93-6.99 (2H, m), 6.74 (IH, td, 7 Hz, 1 Hz). 4.31 (IH, d. 8 Hz), 3.95 
(IH, br, d, 12 Hz), 3.83 (IH, td, 8 Hz, 3.8 Hz), 3.59 (IH, td, 11 Hz and 3 Hz), 2.82 (IH, 
td, 12 Hz and Hz), 2.61-2.75 (3H, m), 2.35 (3H, s), 1.73 (IH, br, s); LCMS (6 minute 
method): m/z 422 [M+H1+ @ Rt 3.36 min. 

15 

(25)-2-((5)-Phenyl{[2-(trifluoromethyl)phenyllthio>methyI)morphoIme(llC) 

'IX) 

H 

Compound IIC (Example 2C) was obtained from IOC (4.02 g, 9.53 mmol), solid 
supported Htoig's base (Argonaut, 3.56 mmol/g, 5.02 g, 17.87 mmol, 2 eq) and a- 
20 chloroethyl chloroformate (3.09 ml, 28.6 mmol, 3 eq) in anhydrous dichloromethane (75 
ml) following General Procedure 2Ca. The mixture was heated at 40''C for 1.5 hours 
then left to stir at room temperature overnight The reaction mixture was filtered and 



wo 2005/020975 



PCT/US2004/025592 



177 

concentrated in vacuo to give a pale orange liquid. This was taken up in methanol (70 ml) 
and heated at 40°C for 2 hours. A white solid crashed out of the solution which was taken 
up in methanol and purified by SCX chromatography (eluent: ammonia/methanol 1/1 
[v/v]). After evaporation in vacuo IIC was obtained as a pale yellow oil (3.13 g, 99%); 
5 MW 331 .50; C18H21NOS2; NMR (CDCI3): 7.03-7.15 (6H, m), 6.93-6.99 (2H, m), 6.74 
(IH, td, 7 Hz. 2 Hz), 4.31 (IH, d, 8 Hz), 3.95 (IH, br, d, 12 Hz), 3.83 (IH. td, 8 Hz, 4 
Hz), 3.59 (IH, td, 11 Hz, 3 Hz), 2.82 (IH, td, 12 Hz, 3 Hz), 2.61-2.75 (3H, m), 2.35 (3H, 
s), 1.73 (IH, br, s). Compound IIC was converted into its hydrochloride salt following a 
modification of General Procedure 3C in which the pale yellow oil was taken up in 
10 isopropanol (-200 ml) and filtered. Addition of hydrogen chloride (19 ml of a IM 
solution in diethyl ether, 19 mmol) gave a white precipitate to which fijrther diethyl ether 
(~50 xnl) was added. The solid was isolated by filtration and washed with diethyl ether to 
give the hydrochloride salt of IIC as a white soUd (3.03 g, 78%); MW 367.96; 
C18H22CINOS2; ^HNMR (CDCI3): 9.94 (2H, br, s), 7.06-7.18 (6H, m), 6.94-7.03 (2H, m), 
15 6.78 (IH, t, 7 Hz), 4.24-4.32 (IH, m), 4.20 (IH, d, 6 Hz), 3.89-4.06 (2H, m), 3.18 (2H. br, 
t, 12 Hz), 2.99 (2H, br, s), 2.37 (3H, s); LCMS (10 minute method): m/z 332 [M-HC1]+ 
@ Rt 5.07 min. 

Example -^r!; rxy^-2-rr.S^-{r2^1-methvlethvnphenvllthio l(Dhenvnmethvlmorpholine 
20 (130 

(25)-2-[(5)-{[2-(l-methylethyl)phenyllthio}(phenyl)methyI)-4- 
(phenylmethyl)morpholiiie (12C) 




Compound 12C was obtained from 5Ca (4.04 g, 11.66 namol), 2- 
25 isopropylsulphenyl-thiophenol (2.35 ml, 14 mmol, 1.2 eq) and caesium carbonate (4.56 g. 
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14 nunol, 1.2 eq) in dimethylformamide (35 nil) foUowing a modification of General 
Procedure IC in wbich the mixture was heated at 90°C for 20 minutes, allowed to cool to 
room temperature, taken up in ethyl acetate (50 ml), washed with water and brine, dried 
over sodium sulphate, filtered and reduced in vacuo to give a yellow oU which was 
5 purified by SCX chromatography (eluent: ammonia/methanol 1/1 [v/v]). Removal of 
solvents in vacuo gave 12C as a white solid (4.45. 91%); MW 417.62; C27H31NOS; 
NMR (CDCI3): 7.14-7.26 (7H, m). 7.03-7.1 (6H, m), 6.86-6.92 (IH, m), 4.10 (IH, d, 8 
Hz), 3.88-3.94 (2H, m), 3:62 (IH, Id, 11 Hz, 2 Hz). 3.37-3.47 (2H, m), 3.22 (IH. d. 13 
Hz), 2.50 (2H, d. 11 Hz). 2.12-2.29 (2H. m), 1.05 (3H. d, 7 Hz), 0.92 (3H. d. 7 Hz); 
10 LCMS (6 minute method): m/z 418 [M+H]+ @ Rt 3.72 min. 

(2S)-2-[(iS)-{l2-(l-methylethyl)phenyllthio}(phenyl)methyllmorpholine(13C) 




Compound 13C (Example 3C) was obtained from 12C (4.44 g, 10.65 mmol), 
15 soUd supported HOnig's base (Argonaut. 3.56 mmol/g, 6.05 g. 21.54 mmol, 2 eq) and a- 
chloroethyl chloroformate (3.30 ml, 32.0 mmol. 3 eq) in anhydrous dichloromethane (50 
ml) foUowing General Procedure 2Ca. The mixture was heated at 40«'C for 1.5 hours 
then left to stir at room temperature overnight The reaction mixture was filtered and 
concentrated in vacuo to give a pale yeUow Uquid. This was taken up in metiianol (50 ml) 
and heated at 60"C for 1.5 hours. The reaction mixture was allowed to cool to room 
temperature and purified by SCX chromatography (eluent: ammonia/methanol 1/1 [v/v]) 
to give 13C as a pale yellow oU; MW 327.49; C20H25NOS; ^H NMR (CDCI3): 7.22 (IH. 
d. 8 Hz), 7.03-7.13 (7H, m), 6.87-6.92 (IH, m), 4.04 (IH, d, 8 Hz), 3.94-3.99 (IH, m), 
3.79 (IH, td, 9 Hz, 3 Hz), 3.61 (IH, td, 11 Hz, 3 Hz), 3.41 (IH, sept., 7 Hz), 2.82 (IH, td, 
25 12 Hz and 3 Hz), 2.72 (IH, br. d. 12 Hz). 2.52-2.63 (2H, m), 1.70 (IH, br, s), 1.05 (3H, d, 
7 Hz), 0.91 (3H, d, 7 Hz). Compound 13C was converted into its hydrochloride salt 



20 
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foUoMving a modification, of General Procedure 3C in which the pale yellow oil was 
taken vtp in ether (50 ml), and filtered. Addition of hydrogen chloride in dry diethyl etiier 
(19 ml of a IM solution in diethyl ether) gave a white precipitate to which fiirfher diethyl 
ether (SO ml) was added. The reaction mixture was concentrated and the residue washed 
5 with diethyl ether to give a white solid (2.76 g, 69% overall yield fi:om 5Ca); MW 
363.95; C2oH25NOS.Ha; NMR (CDCI3): 9.91 (2H, br, s), 7.05-7.22 (7H, m), 6.91- 
6.96 (2H, m), 4.23-4.31 (IH, m), 4.08-3.90 (3H, m), 3.31-3.41 (IH, m), 3.04-3.21 (2H, 
br, m), 2.91-2.99 (2H, br, m), 1.06 (3H, d, 7 Hz)^ 0.93 (3H, d, 7 Hz); LCMS (10 minute 
method): m/z 327 [M-HC1]+ @ Rt 5.7 min. 

LO 

Example 4C; (25>-2-rf.y>-(ri.l'-BiDhenvll-2-vlthio^(pliLenvnmethvllmorpholme (ISO 

(2S)-2-[(5)-([l,l'-Blphenyl]>2-ylthio)(phenyl)methyl]-4-(phenylmetliyl)morpholine 

(14C) 




15 Compound 14C was obtained fix>m 5Ca (2.16 g, 6.24 mmol), 2-phenylsulphenyl- 

thiophenol (2.35 ml, 14 mmol, 1.2 eq) and caesium carbonate (2.43 g, 7.5 mmol, 1.2 eq) 
in dimethylformamide (50 ml) foUowmg a modification of General Procedure IC in 
which the mixture was heated at 90°C for 20 minutes, allowed to cool to room 
temperature, taken up in ethyl acetate (50 ml), washed with water and brine, dried over 

20 sodium sulphate, filtered and reduced in vacuo to give a yellow oil. Purification by SCX- 
chromatography (eluent: ammonia/methanol 1/1 [v/v]) followed by evaporation in vacuo 
gave 14C as a white solid (0.59 g, 90%); MW 451.64; C30H29NOS; NMR (CDCI3): 
6.93-7.34 (19H, m), 3.92 (IH, br, d, 6 Hz), 3.63-3.76 (2H, m), 3.45 (IH, t, 10 Hz), 3.33 
(IH, d, 13 Hz), 3.17 (IH, d, 12 Hz), 2.39 (IH, d, 12 Hz), 2.20 (IH, d, 11 Hz), 1.97-2.07 

25 (IH, m), 1.82-1.92 (IH, m); LCMS (6 minute method): m/z 452 [M+H]+ @ Rt 3.69 min. 
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(25)-^l(S)-(ll,l'-Biphenyll-2-yltMo)(phenyl)methyllmoiTholine(15C) 




Cro 



Compound 15C (Example 4C) was obtained from 14C (2.95 g, 6.54 mmol), soUd 
5 supported HOnig's base (Argonaut, 3.56 mmol/g. 13.06 g, 21.54 mmol, 2 eq) and a- 
chloroethyl chloroformate (2.0 ml, 19.6 mmol, 3 eq) in anhydrous dichloromethane (50 
ml) foUowing General Procedure 2Ca. The reaction mixture was concentrated in vacuo 
to give a pale yellow Uquid. This was taken up in methanol (70 ml) and heated at 40OC for 
2 hours. A wbite solid crashed out of the solution which was taken up m methanol and 
10 purified by SCX-chromatography (eluent: ammonia/methanol 1/1 [v/v]). After removal of 
solvents in vacuo 15C was obtained as a pale yellow oU; MW 361.51; C^H^sNOS; H 
NMR (CDCI3): 7.0-7.45 (14H, m), 3.95 (IH, d, 8 Hz), 3.65-3.85 (2H, m), 3.35 (IH, d, 12 
Hz), 3.2 (IH, d, 12 Hz), 2.45 (IH, d, 10 Hz), 2.20 (IH, d, 10 Hz), 2.0-2.15 (1^ m), 1.8- 
2 0 (IH, m); LCMS (12 minute method): m/z 363 [M+H]+ @ Rt 3.00 min. 15C was 
15 converted into its hydrochloride salt foUowing a modification of General Procedure 3C 
in which the pale yeUow oU was taken up m isopropanol (-200 ml), and filtered. Addition 
of hydrogen chloridd (1 9 ml of a IM solution in diethyl ether) gave a white precipitate to 
which fiirther diethyl edier (-50 ml) was added. The soHd was isolated by filtration and 
washed wilh diethyl ether to give the hydrochloride salt of 15C as a white soUd (1.95 g, 
20 75o^overaUyieldfiom5Ca);MW397.97;C^3H^OS.HCl•,^HNMR(CDCl3):9.80(2H, 

br s) 7 38-7.03 (12H, m), 6.90-6.96 (2H, m), 3.85-4.00 (2H, m), 3.72-3.82 (IH, m), 3.66 
(IH, 'd, 5 Hz), 2.98-3.10 (IH, m), 2.81 (IH, br, s), 2.62 (2H, br, s); LCMS (12 minute 
method): m/z 362 [M+H]+ @ Rt 2.99 min. 
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Example SC; f25^2-r(.S^-rf2-Fluorophenvntliiolfpheiivnme thvl1morpholme (170 
(2S)-2-[(5)-[(2-muorophenyl)thio](phenyl)methyll-4-phcBylmethyl)moipholme 

(16Ca) 
and 

5 (2JJ)-2-[(lJ)-[(2-Flaorophenyl)tliio](phenyl)methyl]-4-phenylmethyl^mo^^ 
(16Cb) 



Compounds 16Ca,16Cb were obtained from SCa^b (0.114 g, 0.33 nunol), 2- 
fluorothiophenol (0.045 g, 0.36 mmol, 1.2 eq) and caesium carbonate (0.12 g, 0.36 
10 mmol, 1.2 eq) in dimethylformamide (50 ml) following General Procedure IC as a pale 
yellow oil (0.14 g, 65%); MW 393.53; C24H24FNOS; NMR (CDCI3): 7.12-7.36 (12H, 
m), 6.87-6.99 (2H, m), 4.48 (IH, d, 8 Hz), 4.00-4.11 (2H, m), 3.77 (IH, td, 1 1 Hz, 2 Hz), 
3.60 (IH, d, 13 Hz), 3.37 (IH, d, 13 Hz); 2.63 (2H, t, 10 Hz), 2.16-2.31 (2H, m); LCMS 
(2.5 minute method): m/z 394 jM+H]^ @ Rt 1.41 min. 



Compound 17C (Example 5Q was obtained from 16Ca,16Cb (0.72 g, 0.18 
mmol), solid supported H{Snig's base (Argonaut, 3.56 mmol/g, 2.0 g, 0.56 mmol, 3 eq) 
20 and a-chloroethyl chloroformate (0.62 ml, 0.56 mmol, 3 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a viscous yellow oil (0.046 




15 



(25)-2-[(5)-[(2-Fluorophenyl)thio](phenyl)methyl]morpIiolme(17C) 
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g, 82%) from which 17C was obtained as a sii^e isom^ after separation by chiral HPLC 
(0.016 g); Chiral LC (AD): 10.83 min. LC purity = 91% (UV254nm) / 98% (ELS); 
LCMS (10 minute method): m/z 304 [M+H1+ @ Rt 5.82 min; HPLC purity = 84% 
(UV215nm) / 98% (ELS); MW 303.41; CnHigFNOS; NMR (CDCI3): 7.13-7.00 (7H, 
5 m), 6.87-6.76 (2H. m), 4.29 (IH, d, 9 Hz), 3.98-3.93, (IH, m), 3.78 (IH, td, 9 Hz and 4 
Hz), 3.60 (IH, td, 11 Hz and 3 Hz), 2.82 (IH, td, 12 Hz, 3 Hz), 2.76-2.70 (IH, m), 2.57- 
2.53, (2H, m), NH signal not observed; LCMS (10 minute method): m/z 304 [M+H]+ @ 
Rt 5.84 min; HPLC purity = 100%% (ELS). Compound 17C was converted into its 
hydrochloride salt following General Procedure 3C. 

10 

Fxample 6C; (25>-2-r(5^-r(2-EthvlDhenvnthiol(phenvnm ethvllmorpholine (190 
(2S)-2-[(iS)-[(2-Ethylphenyl)thiol(phenyl)methyll-4-(phenylmethyl)morpholine 

(18Ca) 
and 

15 (2«)-2-I(J?)-[(2-Ethylphenyl)thiol(phenyl)mefhyl]-4-(phenylmethyl)morphoHiie 
(ISCb) 

■ ^ 

Compounds 18Ca,18Cb were obtained from SCa^Cb (0.2 g, 0.58 nmiol), 2- 
ethyl-fhiophenol (0.16 g, 1.16 mmol, 2 eq) and caesium carbonate (0.23 g, 0.7 mmol, 1.2 

20 eq) in dimefliylformamide (5 ml) following modification of General Procedure IC in 
which the reaction mixture was heated to 95"^ for 2 hours. After purification by flash 
column chromatography (eluent: ethyl acetat^exane 9/1 [v/v]) 18Ca,18Cb was obtained 
as a white solid (0.15 g, 65%%); MW 403.59; C26H29NOS; ^H NMR (CDCI3): 6.96-7.40 
(14H, m), 4.22 (IH, d, 7 Hz), 3.96-4.01 (2H, m), 3.72 (IH, td, 1 1 Hz and 2 Hz), 3.52 (IH, 

25 d, 13 Hz), 3.32 (IH, d, 13 Hz), 2.68 (2H, q, 8 Hz), 2.59 (2H, br d, 12 Hz), 2.06-2.21 (2H, 
m), 1.12 (3H, t, 7 Hz); LCMS (2.5 minute method) m/z 404 [M+H]+ @ Rt 1.49 min. 
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pS).2.KS)-I(2-Etliylpl.raiyI)«U»l(P''«»y')"''*y'I°''"'''°''°'^*'^^ 




Co^uiri 19C ^«mple 6Q was obtained ftom 18Ca,18Cb (0,18 g. 0.52 
5 • mnol). solid sw^ted Httaig's base (Argonaut. 3.56 nnnoVg. 3.7 g. 1.04 nnnol, 2 eq) 
and a^oroefliyl chlorofennate (034 ml. 3.12 nmK>l. 3 eq) in anhydrous 
dichloromethane (5 ml) fbUowtog 2C. as a viscous yeUow od (oal 

„ 86%) ftom v,hioh 19C was obtains! ate separafioa by dtol HPDC on dwal OD 
slmi-preparaHve cotamn; chiral LC (OD): 15.95 min. U: purity - 100% (UV254om) 
10 100% (ELS); MW 313.47; C,*a3N0S; 'H NMR (CDO,): 7.17 (IH. d, 8 Hz). 7.12-7.05 
(5H. m). 7.01 (2H. d. 4 Hz). 6.87-6.93 (IH, m), 4.07 (IH. d. 8 Hz). 3-^-3^'' 
3 74-3.80 (IH. m), 3.59 (IH. td. 11 Hz, 3 Hz). 2.80 (IH, td, 12 Hz and 3 Hz). 2.71 (IH. 
br d, 12 Hz). 2.63-2.54 (4H, m). 1.64 (IH. br. s), 1.04 (3H. t. 8 Hz); I^MS (10 minute 
,^y. m/z 314 [M+H1+ @ Rt 5.92 min. 19C was converted into Ms hydroohlorid. sa^t 
15 .bUowing G«»». Pn.c«.ur. 3C; MW 349.93; C«H^OS.HC,; 'H >^ (™ 
10 10 (2H. br, s), 7.13-7.28 (8H. m). 7.02-7.08 (IH. m), 4.36 (W br. s). 4.01-4.17 (3H, 
br, m), 3.16-3.31 (2H. br. m). 2.92-3.09 (2^ ^. m), 2.71 (2H, 8 Hz). 1.15 (3H, t, 7 
Hz). 

mo. 

(25)-2-[(S)-{l2-(Methyloxy)pheiiyllthio>(phenyl)methyll-4- 

(phenylmethyl)morpholine (20Ca) 

and 

25 (2R)-2.[(l?)-{[2-(Methyloxy)pheiiyllthio}(phenyl)methyll-4- 
(phenylmethyOmorpholine (20Cb) 
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Compounds 20Ca^0Cb were obtained from SCa^Cb (0.18 g, 0.52 mmol), 2- 
methoxy thiophenol (0.074 ml, 0.57 mmol, 1.2 eq) and caesium carbonate (0.17 g, 0.52 
mmol, 1.2 eq) in dimethylformamide (5 ml) following modification of General 

5 Procedure IC in which the reaction was heated at 95°C for 2.5 hours. After purification 
by flash colunm chromatography (eluent: ethyl acetate/hexane gradient 15/85 to 25/75 
[v/v]) 20Ca^0Cb was obtained as a viscous yellow oil (0.17 g, 83%); MW 405.56; 
C2SH27NO2S; ^HNMR (CDCI3): 7.01-7.26 (12H. m), 6.58-6.63 (2H, m), 4.39 (IH, d, 7 
Hz), 3.86-3.91 (2H, m). 3.71 (3H, s), 3.56-3.62 (IH. m), 3.42 (IH, d, 11 Hz); 3.21 (IH, d, 

10 11 Hz), 2.46-2.52 (2H, m), 2.01-2.11 (2H. m); LCMS (10 minute method): m/z 406 
[M+H]'^ @ Rt 6.09 min. 

(2S)-2-[(5)-{[2-(Methyloxy)phenyl]thio}(phenyl)methyl]morpholme(21C) 

H 

15 Compound 21C (Example 7Q was obtamed from 20Ca,20Cb (0.1 g, 0.25 

mmol), solid supported HiSnig's base (Argonaut, 3.56 mmol/g, 1.78 g, 0.5 mmol, 2 eq) 
and a-chloroefhyl chloroformate (0.16 ml, 1.5 mmol, 3 eq) in anhydrous dichloromethane 
(5 ml) following General Procedure 2Ca as a viscous yellow oil (0.06 g, 77%) from 
which 21c was obtained after separation by chiral HPLC on a Chiralcel OJ semi- 

20 preparative column. Chiral LC: 11.45 min. LC purity = 100%; MW 315.44; C18H21NO2S; 
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NMR (CDCI3): 7.14-7.34 (7H, m), 6.74-6.84 (2H, m). 4.50 (IH, d, 8 Hz), 4.10 (IH, d, 
11 Hz), 3.85-4.00 (4H, m), 3.74 (IH, dt, 1 Hz, 11 Hz), 2.82-3.02 (2H, m), 2.66-3.02 (3H, 
m); LCMS (10 minute method): w/z 316 [M+H]* @ R, 4.87 min. 21C was converted its 
hydrochloride salt following General Procedure 3C. 

5 

Example 8C; r25^-2-rf.yi-(Q-rf 1- 

MethvlethvDoxvlphenvlUhioXphenvDmethvllmorpholine (230 
(25)-2-[(5)-({2-[(l-Methylethyl)osy]phenyI}thio)(phenyl)methyl]-4- 
(phenylmethyl)morpholine (22Ca) 
10 and 

(21{)-2-[(^)-({2-[(l-Methylethyl)oxy]pheiiyl}thio)(phenyl)methyl]-4- 
(phenylmethyl)morphoIine (22Cb) 

XX) 

Compounds 22Ca^2Cb were obtained from 5Ca,5Cb (0.57 g, 1.7 mmol), 2- 
15 isopropoxy-thiophenol (0.94 g, 5.61 mmol) and caesium carbonate (2.18 g, 6.72 nmiol, 
1.2 eq) in dimethylformamide (15 ml) following modification of General Procedure IC 
in which the reaction mixture was heated to 95°C for 3 hours. After purification by SCX 
chromatography (eluent: ammonia/methanol 1/1 [v/v]) 22Ca^Cb was obtained as a 
dark yellow oU (0.56 g, 76%%); MW 433.62; C27H31NO2S; ^H NMR (CDCI3): 7.01-7.24 
20 (7H, m), 6.94-7.09 (5H, m), 6.64 (IH, d, 8 Hz), 6.56 (IH, td, 8 Hz, 1 Hz), 4.42-4.51 (2H, 
m), 3.83-3.92 (2H, m), 3.56 (IH, td, 11 Hz and 3 Hz), 3.42 (IH, d, 13 Hz), 3.24 (IH, d, 
13 Hz), 2.52 (IH, d, 11 Hz), 2.46 (IH, d, 11 Hz), 2.05-2.17 (2H, m), 1.29 (3H, d, 6 Hz), 
1.27 (3H, d, 6 Hz); LCMS (2.5 minute method): m/z 434 [M+H]* @ Rt 1.44 min. 

25 (2.S)-2-I(5)-({2-[(l-Methylethyl)oxylphenyl}thio)(phenyl)methyllmorpholine(23C) 
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Compound 23C (Example 8C) was obtained from 22Ca,22Cb (0.56 g, 1.3 
imnol). soUd supported Htoig's base (Argonaut, 3.56 mmol/g, 0,73 g, 2.6 nunol, 2 eq) 
and a^hloroetHyl chloroformate (0.16 ml. 1.5 mmol, 3 eq) in.anhydrous dichlorometbane 
5 (5 ml) following General Procedure 2Ca as a viscous yellow oil (0.41 g, 93%) after 
separation using chiral HPLC on a OD semi-preparative column. Chiral LC (OD): 12.51 
nun LC purity = 100% (UV254mn) / 100% (ELS); MW 343.49; C^oH^sNChS; H NMR 
(CDCU)- 7.13-7.20 (IH, m), 6.96-7.12 (6H, m), 6.67 (IH, d, 8 Hz), 6.59 (IH, Id, 7 Hz. 1 
Hz). 4.48 (IH, sept, 6 Hz), 4.38 (IH, d, 7 Hz), 3.90-3.95 (IH, m), 3.73 (IH. Id. 8 Hz. 4 
10 Hz). 3.54 (IH, td. 11 Hz and 3 Hz), 2.79 (IH, td, 12 Hz and 3 Hz), 2.62-2.72 (3H, m). 
1 55 (IH. br. s). 1.32 (3H, d. 6 Hz), 1.29 (3H, d, 6 Hz); LCMS (10 minute method): m/z 
344 [M+H]H- @ Rt 6.19 min; HPLC purity = 92% (UV215nm). 23C was converted mto 
its hydrochloride salt following General Pn>cedure 3C; MW 379.95; C.0H.5NO.S.HCI; 
^H NMR (CDCI3): 9.81-10.04 (2H, br. m). 7.03-7.25 (7H. m), 6.71 (la d, 8 Hz), 6.63 
15 (IH, t, 7 Hz). 4.51 (IH, sept. 6 Hz). 4.31 (IH. d. 6 Hz). 4.15-423 (IH. m), 3.83-4.03 
(2H, m), 3.05-3.18 (2H. m). 2.80-3.03 (2H, m). 1.31 (3H. d. 6 Hz). 1.29 (3H. d. 6 Hz). 

I 

QC'. 2-f r(5:^-(25>^MAmholin-2- yi(rh«^"vl^methvllthio>phe0yl 

♦i-iflnnrnmethvl ether (250 
20 (25)-4-(Phenylmethyl)-2-[(5)-phenyl({2- 

I(trifluoromethyl)oxylphenyl}thio)methyllmorpholine(24Ca) 

and 

(25)-4-(Phenylmethyl)-2-[(5)-phenyl({2- 
l(trifluoromethyl)oxy]phenyl}thio)methyllmorpholine(24Cb) 



wo 2005/020975 



PCT/US2004/025S92 



187 

Compounds 24Ca^4Cb were obtained ftom SCa^Cb (0.011 g, 0.33 mmol), 2- 
trifluoromethoxythiophenol (1.2 eq, 0.077g, 0.39 mmol) and caesium carbonate (0.15 g, 
0.47 mmol, 1.2 eq) in dimetibiylformamide (15 ml) following modification of General 
5 Procedure IC in which the reaction was heated at 95°C for 1.5 hours. The reaction 
mixture was allowed to cool to room temq?erature, diluted with ethyl acetate (20 ml), 
washed sequentially with water and brine, dried over sodium sulphate and finally 
concentrated in vacuo to give a pale yellow oil (0.14 g, 92%); MW 459.53; 
C25H24F3NO2S; NMR (CDCI3): 7.13-7.41 (13H, m), 7.08-7.13 (IH, m), 4.51 (IH, d, 8 
10 Hz), 3.99-4.07 (2H, m), 3.73 (IH, td, 9 Hz, 2.5 Hz), 3.57 (IH, d, 13 Hz), 3.37 (IH, d, 13 
Hz); 2-57-2.66 (2H, m), 2.20-2.31 (2H, m); LCMS (10 minute method): m/z 460 [M+H]"" 
@ Rt 6.69 min. 

2-{[(S)-(25)-MorphoKn-2-yl(phenyI)methylltIiio}phenyl trifluoromethyl ether (25C) 

15 " 

Compound 25C (Example 9C) was obtained from 24Ca^4Cb (0.06 g, 0.13 

nunol), soUd supported Hiinig's base (Argonaut, 3.56 rmnol/g, 0.073 g, 0.026 mmol, 2 
eq) and a-chloroethyl chloroformate (0.04 ml, 0.39mmol, 3 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a viscous yellow oil (0.021 
20 g, 44%) fi»m which 25C was obtained after separation using chiral HPLC on a OD semi- 
preparative column. Chiral LC (OJ); 12.60 min. LC purity = 98% (UVjsAnm) / 100% 
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(ELS); MW 369.41; CgHigFsNOaS; *H NMR (CDCI3): 7.02-7.21 (8H, m), 6.91-6.96 
(IH, m), 4.28 (IH, d, 8 Hz). 3.93 (IH. br, d 11 Hz). 3.75-3.81 (IH. m), 3.60 (IH, td, 11 
Hz and 3 Hz), 2.71-2.86 (2H. m), 2.61 (2H, d. 6 Hz), 1.90 (IH br, s); LCMS (10 minute 
method): m/z 370 [M+m* @ Rt 5.86 min. 



Example IOC: f25r^-2-r(5VK2-Methvlpb envmhioKphenvl>methvnmorpholme (27Q 
(25)-2-[(5)-[(2-Methylphenyl)thiol(phenyl)methyl]-4-(phenylmethyl)morpholme 

(26Ca) 



10 (2«)-2-[(Jf)-l(2-Methylphenyl)tMo](phenyl)methyll-4-(phenylmethyl)morpholme 
(26Cb) 



Compounds 26Ca^6Cb were obtained from 5Ca,5Cb (0.1 g, 0.29 mmol), 2- ■ 
methyl ihiophenol (0.04 ml, 0.31 mmol) and caesium carbonate (0.125 g, 0.37 mmol, 1.2 
15 eq) in dimethylformamide (15 ml) following General Procedure IC as a colourless oil 
(0.13 g, 85%); MW 389.56; C2SH27NOS; 'H NMR (CDCI3): 6.84-7.24 (14H, m), 4.14 
(IH, d, 8 Hz), 3.85-3.95 (2H, m), 3.60 (la dt, 10 Hz, 3 Hz), 3.42 (IH, d, 13 Hz); 3.21 
(IH. d, 13 Hz), 2.46-2.54 (2H, m), 2.18 (3H, s), 1.97-2.13 (2H, m); LCMS (2.5 minute 
method): m/z 390 [M+H]* @ Rt 1.49 min. 

20 

(25)-2-[(.S)-l(2-Methylphenyl)thio](pheny^methyllmorpholiiie(27C) 



5 



and 





H 
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Compound 27C (Example IOC) was obtained from 26Ca,26Cb (0.04 g, 0.12 
mmol), solid supported Htlnig's base (Argonaut, 3.56 mmol/g, 0.89 g, 0.24 mmol, 2 eq) 
and a-chloroelhyl chloroformate (0.04 ml, 0.36mmol, 3 eq) in anhydrous 
(Mchloromethane (5 ml) following General Procedure 2Ca as a viscous yellow oil (0.03 
5 g, 75%) from vMch. 27C was obtained aftrar chiral separation. Chiral LC (OS): 15.84 min. 
LC purity = 98.57% (UVis^rm); MW 299.44; CigHiiNOS; *H NMR (CDCI3): 6.86-7.21 
(9H, m), 4.08 (IH, d, 7 Hz), 3.75 (IH, br s), 3.58 (IH. br s), 2.34-3.1 (4H, m), 2.20 (3H, 
s); 1.41-2.04 (2H, m); LCMS (10 minute method): m/z 300 [M+H]^ @ Rt 5.08 min. 27C 
was converted into its hydrochloride salt foUowmg General Procedure 3C. 

10 

RYflm plc IIC! r2^-2-tf.y>-Phenvirr2-propvlnhenvnthiolm etfavllmorphoIme r29C) 
(5)-Phenyl[(25)-4-(phenylme<iiyOmorpholm-2-yl]methyI-2-propylphenylsuffide 

(28Ca) 
and 

15 (Jf)-Phenyl[(2lt)-4-(phenylmethyl)morpholin-2-yllmethyl-2-propylpheiiylsuffide 

(28Cb) 

Compounds 28Ca^8Cb were obtained from 5Ca (0.53 g, 1.50 mmol), 2-n-propyl 
thiophenol (0.025 g, 1.65 mmol) and caesixjm carbonate (0.59 g, 1.8 mmol, 1.2 eq) in 

20 dimethylformamide (5 ml) foUowmg a modification of General Procedure IC in which 
the reaction was heated at 95°C for 3 hours. After purification by SCX column 
chromatography (eluent: ammonia/methanol 1/1 [v/v]) 28Ca,28Cb was obtained as a 
dark yellow oU (0.56 g, 90%%); MW 417.62; C27H31NOS; NMR (CDCI3): 7.23-7.12 
(6H, m), 7.06-7.11 (5H, m), 6.97-6.99 (2H, m), 6.87-6.92 (IH, m), 4.13 (IH, d, 8 Hz), 

25 3.86-3.94 (2H. m), 3.61 (IH, td, 1 1 Hz, 2 Hz), 3.44 <1H, d, 13 Hz), 3.23 (IH, d, 13 Hz). 
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2.46-2.59 (4H, m), 2.01-2.14 (2H, m), 1.34-1.52 (2H, m), 0.83 (3H, t, 7 Hz); LCMS (2.5 
minute method): m/z 418 [M+Hj* @ Rt 1 .55 min. 

(25)-2-{(5)-Phenyl[(2-propylphenyl)thio]methyl}morpholine(29C) 



Compound 29C (Example IIC) was obtained fiom 28Ca^Cb (0.56 g, 1.35 
mmol), solid supported Httoig's base (Argonaut, 3.56 mmol/g, 0.75 g, 2.7 mmol, 2 eq) 
and a-chloroethyl chloroformate (0.44 ml, 4.05 mmol, 3 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a viscous yellow oil (0.41 
10 g, 93%); MW 327.49; C20H25NOS; NMR (CDCI3): 7.17 (IH, br, d, 7 Hz), 7.07-7.12 
(5H, m), 6.96-7.00 (2H, m), 6.88-6.93 (IH, m), 4.07 (IH, d, 8 Hz), 3.93-3.98 (IH, m), 
3.74-3.80 (IH, m), 3.60 (IH, td, 1 1 Hz, 3 Hz), 2.81 (IH, td, 12 Hz and 3 Hz), 2.72 (IH, 
hr, d, 12 Hz), 2.48-2.62 (4H, m), 1.36-1.59 (3H, m), 0.83 (3H, t, 7 Hz); LCMS (2.5 
minute method): m/z 328 [M+H]* @ Rt 1.40 min (single major peak). 



Example 12C! Meflivl 2-irf.S^f25^-morDholm-2-v lfphenvnmethvllthio\benzoate 



MethyI-2-({(5)-phenylI(25)-4-(phenylmethyl)morpholin-2-yl]metliyl}thio)benzoate 

(30Ca) 

20 and 

Methyl-2-({(i?)-phenyI[(2lf)-4-(phenylmethyl)morpholin-2-yl]methyl}thio)benzoate 
(30Cb) 
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Compounds SOCa^OCb were obtained from SCa^SCb (0,5 g, 1,45 mmol), methyl 
thiosalicylate (0.49 g, 2.89 mmol) and potassium carbonate (0.21 g, 1.52 mmol) in dry 
tetrahydrofurane (5 ml) following modification of General Procedure IC in which the 
solvents were degassed and purged with nitrogen before the addition of methyl 
thiosalicylate. The reaction mixture was stirred at room temperature for 18 hours after 
which time the reaction mixture was poured onto water and extracted twice with diethyl 
ether. The organic layers were washed with water, dried and evaporated in vacuo. After 
purification by SCX column chromatography (eluent: ammonia/methanol 1/1 [v/v]) 
30Ca,30Cb was obtained as a colourless soUd (0.18 g, 29%%); MW 433.57; 
C26H27NO3S; NMR (CDCI3): 8.65-8.85 (IH, m), 6.95-7.45 (13H, m), 4.45 (IH, d, 8 
Hz), 3.85-4.05 (IH, m), 3.8 (3H, s), 3.65 (IH, dt, 1 Hz and 7 Hz), 3.55 (IH, d, 11 Hz), 
3.25 (IH, d, 1 1 Hz), 2.5-2.6 (2H, m); 2.0-2.15 (2H, m); FIA: m/z 462 [M+H]^. 

Methyl 2-{[(iS)-(2«S)-morpholin-2-yl(phenyl)methyl]thio}bei^^ (31C) 




H 



Compound 31C (Example 12C) was obtained from 30Ca,30Cb (0.2 g, 0.46 
mmol), solid supported Htinig's base (Argonaut, 3.56 nraiol/g, 0.08 g, 2.77 mmol, 6 eq) 
and a-chloroethyl chloroforaiate (0.5 ml, 4.62 mmol, 10 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a white solid (0.16 g, 
91%) from which 31C was obtained after separation using chiral HPLC on chiral OJ 
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semi-preparative column. Chiral LC (OJ): 12.32 min. LC purity = 100% (UV254«n); MW 
343.45. 31 was converted into its hydrochloride salt following General Procedure 3C; 

NMR (d,-DMSO): 9.30-9.5 (IH. m), 7.75-7.80 (IH, m), 7.1-7.55 (8H, m). 4.82 (IH, 
d, 8 Hz). 3.95-4.15 (2H, m). 3.65.3.9 (3H, m), 3.55 (3H, s). 2.80-3.25 (2H. m). 



10 



morpholine (33C) 

(25)-2-((5)-(3-Fluorophenyl){l2-(trifluoromethyl)phenyIltiiio}mefhyl)-4- 

(phenylmethyl)morpholine (32Ca) 

and 

(2R)-2-((iJH3-Fluorophenyl){l2-(trifluoromethyl)phenyl]thio}methyl)-4- 
(phenylmefhyl)morpholme (32Cb) 



15 



20 




Compounds 32Ca^2Cb were obtained as outlined in Scheme 5C ftom 
38Ca,38Cb (0.33 g, 0.91 nmxol) following General Procedure 4C as a white solid after 
column chromatography (0.28 g, 61%); MW 461.53; C25H23F4NOS; NMR (CDCI3 ) 
6 75-7.65 (IH. m). 6.85-7.33 (12H, m), 4.45 (2H, d, 8 Hz), 3.6-3.75 (2H, m). 3.45 (IH, d 
12 Hz). 3.3 (IH. d 12 Hz), 2.45-2.7 (2H. hr, m). ). 2.1-2.3 (2H. br, m); FIA: m/z 462 
[M+H]"". 

(2S)-2-((5)-(3-Flaorophenyl){l2Ktrifluoromethyl)phenylltMo}methyl)morphoto^ 

(33C) 
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F 



Compound 33C (Example 13C) was obtained from 32Ca,32Cb (0.28 g, 0.615 
mmol), solid supported Htinig's base (Argonaut, 3.56 mmol/g, 0.19 g, 0.68 mmol, 1.1 eq) 
and a-chloroethyl chloroformate (0.07 ml, 0.68 mmol, 1.1 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a colourless oil (0.22 g, 
95%) from which 33C was obtained after chiral chromatography on a Chiralcel OJ semi- 
preparadve column. Chiral LC (OJ): 13.33 min. LC purity = 98.37% (UV254nin); MW 
371.4; C18H17F4NOS. LCMS (12 minute method): m/z 372 [M+H]+ @ Rt 5.2 min. 33C 
was converted into its hydrochloride salt following General Procedure 3C; MW 407.86; 
C18H17F4NOS.HCI; NMR (CDCI3 ) 9.8-10.2 (IH, br), 7.4-7.6 (IH. m), (6.85-7.45 (8H, 
m), 4.05-4.45 (4H, br, m), 2.90-3.41 (4H, br, m). 

Example 14C: (2^-2-((iy^-f4-Chlorophenvn(r2-(trifluoromet hvnDhenvllthiolmethvn 
morpholine (35C) 

(25)-2-((5)-(4-Chlorophenyl){[2-(trffluoromethyl)phenyllthio}methyl)-4- 

(phenylmethyl)morpholine (34Ca) 

and 

(21t)-2-((if)-(4-ChIorophcnyl){[2-(trifluoromethyl)phenyllthio}methyl)-4- 
(phenylmetfayQmorpholine (34Cb) 



Ph 
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Compounds 34Ca^4Cb were obtained as outlined in Scheme 5C firom 
39Ca^9Cb (0.4 g, 1.06 mmol, 1.1 eq), cesium carbonate (0.33 g, 1.0 mmol, 1.1 eq), and 
2-trifluoromethyl benzene thiol (0.19 g, 1.06 mmol, 1.1 eq) following a modification of 
General Procedure IC in which the reaction was stirred at room temperature for 1.5 
5 hours as a white solid after column chromatography (eluent: gradient hexane/ethyl acetate 
10/90 to 25/75[v/v]) (0.409g, 80%); MW 477.98; C25H23F3CINOS; NMR (CDCI3 ) 
7.1-7.65 (13H, m), 4.45 (IH, d, 8 Hz), 3.85-4.0 (2H, m), 3.55 (IH, m), 3.3 (IH, d 12 Hz), 
3.3 (IH, d 12 Hz), 2.45-2.65 (2H, br), ), 2.1-2.3 (2H, br, m); FIA: m/z 478 [M+H]"". 

10 (25)-2-((iS)-(4-Chlorophenyl){(2-(trifluoromethyl)pheiiyllthio>methyl)morpholiiie 



Compound 35.C (Example 14C) was obtained from 34Ca,34Cb (0.41 g, 0.86 
mmol), solid supported Hiinig's base (Argonaut, 3.56 mmol/g, 0.27 g, 0.94 mmol, 1.1 eq) 

15 and a-chloroettiyl chloroformate (0.10 ml, 0.94 mmol, 1.1 eq) in anhydrous 
dichloromethane (5 ml) following General Procedure 2Ca as a colourless oil (0.28 g, 
84% yield) from which 35C was obtained after separation using chiral HPLC on a 
ChiralPak-AD OJ semi-preparative column; MW 387.85; C18H17CIF3NOS; LCMS (12 
minute method): miz 372 P4:+H]+ @ Rt 5.2 min. 35C was converted into its 

20 hydrochloride salt following General Procedure 3C; MW 423 .96; C18H17CIF3NOS.HCI; 
^H NMR (CDCI3): 9.8-10.2 (IH, br), 7.4-7.6 (IH, m), 7.07-7.35 (7H, m). 3.8-4.45 (4H, 
br, m), 2.85-3.45 (4H, br, m). 

Example 15C; (2S^-2-((5^-(2-FIuorophenvn([2- 
25 fmethvloxv^phenvIlthiolmethvDmorphoIine (37C) 

(2S)-2-(('S)-(2-Fluorophenyl){[2-(methyloxy)phenyl]thio}methyl)-4- 
(phenyImethyl)morpholine (36Ca) 



(35C) 
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and 

(2l{)-2-((lJH2-Fluorophenyl){[2<methyloxy)phenylltluo}methylH^ 
(phenylmethyOmorphoIine (36Cb) 




5 Compounds 36Ca^6Cb were obtained from 7Ca,7Cb (0.45 g, 1.17 mmol), 

cesium carbonate (0.42 g, 1.29 mmol, 1.1 eq), and 2-methoxy-fhiophenol (0.82 g, 5.87 
mmol) following a modification of General Procedure IC in which the reaction mixture 
was heated to 95°C for 2 hovirs and then stirred at room temperature for 18 hours. After 
purification by flash colunm chromatography (eluent: heptane/ethyl acetate 80/20 [v/v]) 

10 36Ca36Cb was obtained as a colourless oil (0.36 g, 72%%); MW 423.55; C25H26FNOS; 
^HNMR (CDCI3): 6.65-7.5 (13H, m), 4.9 (IH, d, 7 Hz), 3.9-4.05 (2H, m), 3.8 (3H, s), 3.6 
(IH, dt. 8 Hz and 1 Hz), 3.45 (IH, d, 13 Hz), 3.15 (IH, d, 13 Hz), 2.60 (2H. t, 8 Hz), 
2.05-2.2 (2H. m); FIA: m/z 424 [M+H]"'. 



15 (2S)-2-((5)-(2-Flttorophenyl){I2-(methylo3qr)phenyllthio}methyl)morpholine(37C) 




CIH 



Compound 37C (Example 15C) was obtained from 36Ca^6Cb (0-43 g, 1.02 
mmol), solid supported Htinig's base (Argonaut, 3.56 mmol/g, 0.37 g, 1.12 mmol, 1.1 eq) 
and a-chloroethyl chloroformate (1.08 ml, 10.12 mmol, 10 eq) in anhydrous 
20 dichloromethane (5 ml) following General Procedure 2Ca as a colourless oil (0.34 g, 
99%) after separation by chiral HPLC on a ChiralPak-AD semi-preparative column. 
Chiral LC: 12.86 min. LC purity = 99.1 (LJV254nm); MW 369.89; CigHzoFNOS; FIA: m/z 
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334 p^+BTJ^ 37C was convCTted into its hydrochloride salt following General 
Procedure 3C; MW 333.43; CigHzoFNOS; NMR (CDCI3): 7.2-7.3 (IH, m), 6.85-7.2 
(8H, m), 4.85 (IH, d, 8 Hz), 3.95-4.15 (2H, m), 3.85.3.9 (3H, m), 3.7 (IH, dt, 1 Hz and 7 
Hz), 2.6-3.0 (4H,m). 

5 

Example 16C; 2-f2-Methvl-l-(2-trifluoromethvl-phenvlsiilfanvlVpropvll-morpholme 

(560 

4-Ben2yl-2-(l-hydroxy-2-methyl-propyl)-morpholin-3-one(53C) 

10 To a stirred solution of 2C (5.05 g, 26.4 mmol) in tetrahydrofuran (25 ml) at - 

TS^'C under nitrogen was added lithium diisopropylamide (14.5 ml of a 2M solution, 29.0 
mmol) dropwise over 40 minutes. The reaction mixture was stirred at the same 
temperature over 30 minutes after which time a solution of isobutyraldehyde (2.63 ml, 
29.0 mmol) in tetrahydroftiran (15 ml) was added dropwise over 30 minutes. After one 

15 hoxir, the reaction mixture was allowed to warm to room temperature and quenched by 
addition of saturated ammonium chloride solution. Extraction with dichloromethane and 
drying over magnesium sulphate gave 53C as a nodxture of diastereomers. Upon 
concentration in vacuo one diastereomer precipitated as a white solid (53Ca: 0.99 g). The 
remaining mother liquors were purified by column chromatography (30% ethyl acetate in 

20 hexane [v/v]) to give 53C (2.06 g). MW 263.34; Ci5H2iN03; LCMS (6 min method): tn/z 
286 [M+Na]'";RT = 2.748. 

l-(4-Beiizyl-morpholin-2-yl)-2-methyI-propan-l-ol(54C) 




25 To a stirred solution of 53C (1.97 g, 7.47 mmol) in tetrahydrofuran (50 ml) at 

room temperature under nitrogen was added borane-tetrahydrofuran complex (30 ml of a 
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IM solution, ca 4 eq.). The reaction was heated to eCC and followed by TLC-analysis. 
When all starting material had been consumed a few drops of methanol were added 
followed by a similar amount of IN hydrochloric acid and heating was continued for 
another hour. Organic solvents were removed in vacuo and the remaining solution was 
5 poured onto IM potassium carbonate solution (30 ml), extracted with diethyl ether. The 
organic layers were dried over magnesium sulphate and purified by column 
chromatography (gradient from 15% efliyl acetate in hexane [v/v]) gave 54C (1.8 g, 
97%). MW 249.36; C15H23NO2; LCMS (6 min method): m/z 250 [M+H]"^; RT = 0.838. 

10 4-Benzyl-2-[2-methyl-lK2-trifluoromethyl-phenylsulfanyI)-propyll-morpholine 
(55C) 




Compound 55C was obtained ftom S4C in a two-step procedure. To a stirred 
solution of 54C (1.8 g, 7.2 mmol) m dichloromethane (50 ml) at room temperature was 
15 added soUd solid supported HiSnig's base (Argonaut, 3.56 mmoyg, 6.2 g, 22 mmol, 3 eq) 
followed methanesulphonyl chloride (1.12 ml, 14 mmol). After stirring for one hour, the 
reaction mixture was filtered and the filtrates washed with brine and dried over 
magnesium sulphate to give the intermediate mesylate as a yellow oil (2.93 g of isolated 
crude product). The crude product was taken up in dry dimethylformamide (50 ml), 2- 
20 trifluoromethyl benzenethiol (2.1 ml, 14 mmol) and solid supported HOnig's base 
(Argonaut, 3.56 mmol/g, 0.55 g, 1.95 mmol) were added and the mixture heated to 70°C 
and stirred for 72 hours. The reaction was quenched by addition of water (50 ml) and 
sodium hydroxide solution (70 ml of a 2N solution). The aqueous layer was extracted 
with diethyl ether (3x50 ml), washed with brine and dried over magnesium sulphate. 
25 Purification by ion-exchange chromatography followed by preparative HPLC gave 5SC. 
MW 409.52; C22H26F3NOS; LCMS (6 min method): m/z 410 [M+H]*; RT = 3.398. 
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2-I2-Methyl-l-(2-trifluoromethyl-phenylsulfanyl)-propyll-^ 



Compoiind 56C (Example 16C) was obtained from 55C (0.8 g, 1.95 mmol), solid 
supported Himig's base (Argonaut, 3,56 mmol/g, 1.65 g, 5.85 mmol, 3 eq) and a- 
chloroethyl chlorofonnate (0.4 ml, 3.9 namol, 2 eq) in anhydrous dichloromethane (20 ml) 
following General Procedure 2Ca as a colourless oil (0.5 g, 85% yield). Chiral HPLC 
on a ChiralCel-OD(3671) column using 50% heptane in ethanol [v/v] gave 2 fractions (Rt 



= 8.793 min and 10.443 min). Conversion into fumarate salt 56C was carried out by 
dissolving in diethyl ether and addition of small amoimt of methanol. Data for 56C 
derived from fraction with Rt = 8.793 min: MW 435.46; C19H24F3NO5S; NMR (d3- 
MeOD): 6.2-6.3 (2H, m), 6.1-6.2 (IH, m), 5.2 (IH, s), 2.6-2.7 (2H, m), 2.2-2.4 (IH, m), 
1.6-1.9 (4H, m), 1.6-1.7 (IH, m), -0.4- -0.5 (6H, m). 

Example 17C; 2-r2-MethvI-l"(2-trifluoromethvl-phenoxvVpropvll-morpholine (58C) 
4-Beii^l-2-[2-methyl-l-(2-trifluoromethyl-pheno3y)-propyl]-morpholine(57C) 



To a solution of S3Ca (0.146 g, 0.585 mmol) in dry dimethylformamide (2 ml) under 
nitrogen and ice-cooling was added sodium hydride (26 mg of a 60% dispersion in oil, 
0.644 mmol) portionwise. The reaction was allowed to warm to room temperature for 30 
minutes before addition of 2-fluoro-benzotriflouride (0.07 ml, 0.66 mmol). After stirring 
for 12 hours, another 0.5 equivalents of reagents were added and the reaction DMXture 
heated to 40°C for 30 minutes and then to 60^C for another 2 hours. The cmde reaction 
mixture was purified by ion-exchange column chromatography followed by preparative 
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HPLC to give 57C (0.208 g, 92% yield) MW 393.45; C22H26F3NO2; LCMS (6 min 
method): m/z 394 [M+H]*; RT = 3.150. 

2-[2-Methyl-l-(2-ti1fluorometfayl-pheno3gr)-propyI]-moii>holme(58C) 



5 




Compound 58C (Example 17C) was obtained from 57C (0.21 g, 0.53 mmol), solid 
supported Hiinig's base (Argonaut, 3.56 mmol/g, 0.45 g, 1.5 mmol, 3 eq) and a- 
chloroethyl chloroformate (0.1 1 ml, 1.06 mmol, 2 eq) in anhydrous dichloromethane (10 
ml) following General Procedure 2C as a colourless oil (0.147 g, 92% yield) MW 
10 303.33; C15H20F3NO2; *H NMR (CDCI3): 7.5-7.6 (IH, m), 7.2-7.4 (IH, m), 7.0-7.1 (IH. 
m), 6.8-6.95 (IH, m), 4.15-4.25 (IH, m), 3.6-3.9 (2H, m), 3.4-3.6 (IH, m), 2.6-2.9 (4H, 
m), 2.15 (IH, br, s)1.8-2.1 (IH, m), 1.1-1.2 (6H, m); LCMS (12 min method): m/z 304 
[M+H]*;RT = 4.862. 

1 5 The following examples illustrate compounds of of Formulae (ID) above and 

methods for their preparation. 

Scheme ID - Preparation of Intermediates 

20 l-Pheny!-3,4-dihydro-iH-quinolin-2-one (2Da) 

A stirred mixture of 3,4-Dihydro-iiy-quinolin-2-one (IDa) (1.47 g. 10 mmol), K2CO3 
(2.9 g, 21 mmol), /ranj-cyclohexane-l,2-diamine (240 |j.L, 2 mmol) and bromobenzene 
(3.16 mL, 30 mmol) in 1,4-dioxane (10 mL) was heated under a nitrogen atmosphere at 
125°C for 5 min to deoxygaiate the reaction mixture. Copper © iodide (380 mg, 2 mmol) 

25 was added in one portion and the reaction mixture was refluxed overnight at 125*'C. After 
cooling to rt, the reaction mixture was poured into ethyl acetate (100 mL) and extracted 
with water. The organic layer was separated, dried over MgS04 and concentrated. 
Treatment of the residue with ether (100 mL) and cooling (ice bafli) gave the product as a 
white soUd after filtration (1.77 g, 79%). 
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6-Fluoro-l-/i-tolyl-3,4-dihydro-ijEr-quinolm-2-one 

This was prepared using the method described for (2Da) using 6-Fluoro-3,4-dihydro-iJff- 
quinolin-2-one (IDb) (617 mg, 3.7 mmol) and 4-bromotoluene (1.91 g, 11 mmol) to give 
the crude product, which was purified using automated chromatography (silica) (0 to 60% 
ethyl acetate\cyclohexane gradient) to provide the product as a light brown solid (880 mg, 
92%). 

3-Methyl-l-phenyl-3,4-dihydro-ljfir-quinolin-2-one(3Da) 

To a sohi of (2Da) (892 mg, 4 mmol) in anhydrous THF (40 mL) at -78°C under nitrogen 
was added LiHMDS (4.4 mL, IM soln in hexanes, 4.4 mmol) dropwise over 10 min. The 
reaction mixture was left at -78°C for 30 min and then a solution of methyl iodide (298 
\iL, 4.8 mmol) in THF (1 mL) was added dropwise. The reaction mixture was warmed 
slowly to rt, quenched wiih water (2 mL) and extracted with ethyl acetate (100 mL). The 
organic layer was separated, dried over MgS04 and concentrated. The residue was 
purified by colunan chromatograpy (silica, gradient 100% hexane to ethyl acetate\hexane 
3:10) giving the product as an oil (667 mg, 70%). 

3-Ethyl-l-phenyl-3,4-dihydro-iir-qumolin-2-one (3Db) 

This was prepared in a similar manner to (3Da) on a 1.5 mmol scale using 1-iodoethane 
(125 |iL, 1.1 eq.) as Ihe alkylating agent. The crude product (378 mg) was used directly in 
the next step. 

3-(3-Chloro-propyl)-l-phenyl-3,4-dihydro-ii5r-quinolin-2-one(4Da) 

To a sohi of (2Da) (892 mg, 4 mmol) in anhydrous THF (40 mL) at -78''C under nitrogen 

was added LiHMDS (4.4 mL, IM soln in hexanes, 4.4 mmol) dropwise over 10 mia. The 

reaction mixture was left at -78°C for 30 min and then a solution of l-bromo-3- 

chloropropane (405 pL, 4.4 mmol) in THF (1 mL) was added dropwise. The reaction 

mixture was warmed slowly to rt, quenched with water (2 mL) and extracted with ethyl 

acetate (100 mL). The organic layer was separated, dried over MgS04 and concentrated. 

The crude product (1 .2 g) was used directly in the next step. 
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3-(3-ChlonHpropyl)-6-fluo^o-l-/^•toIyl-3,4-dmyd^o-JJE^-quinolin-2-one(4D^^ 
This was prepared j&om (2Db) (300 mg, 1.17 mmol) using the method described for 
(4Da) using l-bromo-3-chloropropane (140 jjL, 1.4 mmol) as the alkylating ^ent. The 
CTude product (399 mg) was used directly in the next step. 

5 

3-(2-Chloro-ethyl)-l-phenyI-3,4-dihydro-iJT-quiiiolin-2-one(4Dc) 

This was prepared &om (2D^) (892 mg, 4.0 mmol) using the method described for (4Da) 
using l-bromo-2-chloroethane (365 p,L, 4.4 mmol) as the alkylating agent. The crude 
product (1 g) was used directly in the next step. 

10 

3-(3-Chloro-propyl)-3-methyl-l-phenyl-3,4-dihydro-i£r-quinolin-2-one(5Da) 
This was prepared from (3Da) (462 mg, 1.95 mmol) iising the method described for 
(4Da) using l-lM»mo-3-chloropropane (270 \iL, 2.7 mmol) as the alkylating agent The 
orude product (650 mg) was used directly in the next step. 

15 

3-(3<:Moro-propyl)-3-ethyl-l-phenyl-3,4-dmydro-JjyMiuinolm-2-one( 

This was prepared from (3Db) (378 mg, 1.5 mmol) using the method described for (4Da) 
vising l-bromo-3-chloropropane (179 m-L, 1.8 mmol) as the aUQ^lating agent The crude 
product (528 mg) was used directly in the next step. 

20 

Scheme ID - Examples 

Example ID; 3-f3-MA«^hYlamino-prnpvl)-l-phenvl-3.4-d ihvdro-ijEr-aiimolin-2-one 

25 A sohi of (4Da) (1.2 g, 4 mmol), potassium iodide (200 mg, 1 .2 mmol) and aqueous 40% 
methylamine (12 mL) in ethanol (30 mL) was refluxed at lOO^C under nitrogen for 3 h. 
The reaction mixture was cooled, poured into water and extracted with ethyl acetate (100 
mL). The organic layer was separated, dried over MgS04 and concentrated. The product 
was purified by preparative LCMS to give 500 mg of the r^emate. The racemate was 

30 separated into its individual aiantiomers usmg chiral HPLC. NMR (300 MHz, CDCI3) 
(racemate & isomer) 5 1.5-1.73 (m, 4H), 1.88-1.97 (m, IH), 2.43 (s, 3H), 2.62 (t, J= 6.69 
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Hz, 2H), 2.70-2.79 (m, IH), 2.84-2.92 (m, IH), 3.15 (dd, J= 15.45, 5.28 Hz, IH), 6.33 (d, 
J= 7.73 Hz, IH), 6.95-7.06 (m, 2H), 7.19-7.22 (m, 3H), 7.38-7.43 (m, IH), 7.47-7.52 (m, 
2H). LCMS (12 minute method) [M+H\* = 295 @ Rt 4.0 min (100%). 

Example 2D; 6-Fluoro-3-(3-me<hYlamino-proPYlVl-i^-toM-3.4-dihvdro-Jff-0 Minoliii- 

2-one (6Db^ 

This was prepared in an identical manner to (6Da) using crude (4Db) (399 mg) to give 
the crude product, which was purified by preparative LCMS to give the product (35 mg). 
^HNMR (300 MHz, CDCI3) (racemate) 6 1.40-1.70 (m, 3H), 1.75-1.90 (m, 4H), 2.34 (s, 
3H), 2.36 (s, 3H), 2.50-2.83 (m, 2H), 3.01-3.08 (m, IH), 6.21-6.26 (m, IH), 6.62-6.68 (m, 
IH), 6.82-6.86 (m, IH), 6.99 (d, J= 8.1 Hz. 2H), 7.22 (d, J= 8.1 Hz, 2H). LCMS (12 
minute method) {M+H]"^ == 327 @ iRt 4.8 min (100%). 

Example 3D; 3-(2-Methvlamino-ethvlVl-phenvl-3,4-diliydro-lH-qn innlin-2-one 
f6Dc^ 

This was prepared in an Identical maimer to (6Da) using crude (4Dc) (Ig) to ^ve the 
racemate (80 mg). The racemate was sqiaiated into its individual enantiomers using 
chiral HPLC. 'H NMR (300 MHz, CDCI3) (racemate & isomer) 6 ppm 1.64-1.76 (m, IH), 
1.79 (br, IH), 2.03-2.18 (m, IH), 2.44 (s, 3H), 2.71-2.82 (m, 2H), 2.82-2.94 (m, 2H), 
3.09-3.21 (m, IH), 6.33 (d4 J= 7.91, 1.32 Hz, IH), 6.94-7.07 (m, 2H), 7.18-7.24 (m, 3H), 

7.37-7.44 (m, IH), 7.47-7.54 (m, 2H). LCMS (12 minute method) {M+wt = 281 @Rt 
3.82 min (100%). 

Example 4D; 3-Methvl-3-f3-methylamino-propvlVl-pheBVl-3.4-dilivclro-ig- 
auiPolip-2-one (TDa) 

This was prepared in an identical manner to (€X>a) using onide (5Da) (650 mg) to give the 
crude product (198 mg), which was purified by preparative LCMS. The purified racemate 
was then separated into its individual enantiomers using chiral HPLC. ^H NMR (300 
MHz, CDCI3) (isomer) 5 ppm 1,27 (s, 3H), 1.43 (br, IH), 1.53-1.66 (m, 4H), 2.39 (s, 3H), 
2.54 (t, J= 6.12 Hz, 2H), 2.91 (d, J= 15.64 Hz, IH), 2.98 (d, J= 15.64 Hz, IH), 6.28 (dd, 
J= 7.91, 1.32 Hz, IH), 6.97 (td, J= 7.21, 1.41 Hz, IH), 7.03 (td, J= 7.68, 1.98 Hz, IH), 
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7.14-7^ (m, 3H), 7.36-7.44 (m, IH), 7.46-7.53 (m, 2H). LCMS (12 minute meliiod) 
[M+m'' = 309 @Rt 4.21 min (100%). 

F-Tam ple 5D: 3-Ethvl-3-G-methv1ammo-prop vn-l-phenvl-3.4-dihvdro-ifl-qninolm- 
5 2-one f 7Db^ 

This was prepared in an identical manner to (6Da) using crude (5Db) (528 mg) to ^ve 
the crude product (105 mg), which was purified by preparative LCMS. The purified 
racemate was then separated into its individual enantiomers using chiral HPLC. 
^HNMR (300 MHz, CDCI3) (racemate) 5 0.93 (t, J= 7.53 Hz, 3H), 1.56-1.75 (m, 6H), 
10 1.91 (bs, IH). 2.41 (s, 3H), 2.55-2.60 (m, 2H), 2.91 (d, J= 15.82, IH), 3.02 (d, J= 15.82, 
IH), 6.25-6.28 (m, IH), 6.94-7.05 (m, 2H), 7.16-7.19 (m, 3H), 7.38-7.43 (m, IH), 7.4- 
7.52 (m, 2H). *H NMR (300 MHz, MeOD-d4) (isomer D-tartrate salt) 8 0.85 (t, J= 7.53 
Hz, 3H), 1.45-1.75 (m, 6H), 2.57 (s, 2H), 2.83-2.89 (m, 2H), 3.01-3.06 (d, J= 16.01, IH), 
4.32 (s, 2H), 6.11-6.14 (m, IH), 6.89-6.97 (m, 2H), 7.09 (d, J= 7.16 Hz. 2H), 7.15-7.18 
15 (m, IH), 7.37 (t, J= 7.35 Hz, IH), 7.46 (t, J= 7.35 Hz, 2H). LCMS (12 minute method) 
[M+Hf = 323 @ Rt 4.9 min (98%). 

Scheme 2D - Preparation of Intermediates 

20 l.^Tolyl-3,4-dihydro-lfl-quinolin-2-one (2Dc) 

A stirred mixture of 3,4-Dihydro-iif-quinolin-2-one (IDa) (4.41 g. 30 mmol), K2CO3 
(8.7 g, 63 mmol), rraw-cyclohexane-l,2-diamine (720 nL, 2 mmol) and 4-bromotoluene 
(15.4 g, 90 mmol) in 1,4-dioxane (30 mL) was heated under a nitrogen atmosphere at 
125'C for 5 min to deoxygenate the reaction mixture. Copper (I) iodide (1.14 g, 2 mmol) 

25 was added in one portion and the reaction mixture was refluxed overnight at 125"C. After 
cooling to rt, the reaction mixture was filtered through ceUte, poured into ethyl acetate 
(ICQ mL) and extracted with water. The organic layer was separated, dried over MgS04 
and concentrated. Treatment of the residue with ether (200 mL) and cooling (ice bath) 
gave the product as a white solid after filtration (6.2 g, 87%). 

30 

l-Phenyl-3-propyl-3,4-dihydro-ii5r-quinoIin-2-one(3Dc) 
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This was prepared from (2Da) (669 mg, 3 mmol) and 1-iodopropane (352 nl, 1.2 eq.) as 
the alkylating agent. The crude product (780 mg) was used directly in the next step. 

3-Ethyl-l-p-tolyl-3,4-dihydro-i£r-qiuiioIm-2-one (3Dd) 

5 This was prepared from (2Dc) (711 mg, 3 mmol) and 1-iodoethane (265 1 .2 eq.) as the 
alkylating agent. The crude product (800 mg) was used directly in the next step. 

3-Propyl-l-jp-tolyl-3,4-dihydro-iH-quinolin-2-one(3De) 

This was prepared from (2Dc) (711 mg, 3 mmol) and 1-iodopropane (352 |xl, 1.2 eq.) as 
10 the alkylating agent The crude product (840 mg) was used directly in the next step. 

3-Butyl-l-p-tolyl-3,4-dihydro-l£r-qiiiiiolm-2-oiie(3Df) 

This was prepared from (2Dc) (711 mg, 3 mmol) and 1-iodobutane (354 pi, 1.1 eq.) as 
the alkylating agent. The crude product (790 mg) was used directly in the next step. 

15 

3-IsopropyH-p-tolyl-3,4-dihydro-J£r-quinolin-2-one(3Dg) 

This was prepared from (2Dc) (711 mg, 3 mmol) and 2-iodopropane (330 nl, 1.1 eq.) as 
the alkylating agent. The crude product (806 mg) was used directly in the next step. 

20 3-Altyl-3-ethyl-l-/i-tolyl-3,4-dihydro-ill-quiaolm-2-one (llDb) 

To a sohi of (3Dd) (800 mg, 2.7 mmol) in anhydrous THF (30 mL) at -78*'C under 
nitrogen was added LiHMDS (3 mL, IM sohi in hexanes, 3 mmol) dropwise over 10 min. 
The reaction mixture was left at -78''C for 30 min and then a solution of allyl bromide 
(280 \xU 3.2 mmol) in THF (1 mL) was added dropwise. The reaction mixture was 

25 warmed slowly to rt, quenched with water (2 mL) and extracted with ethyl acetate (100 
mL). The organic layer was separated, dried over MgS04 and concentrated. The crude 
product (920 mg) was used directly in the next step. 

3-Ethyl-3-(3-hydroxypropyl)-l-iJ-tolyl-3,4-dihydro-JH-quinoliii-2-oiie(12Db) 
30 To a sohi of (llDb) (732 mg, 2.4 mmol) in anhydrous THF (25 mL) at 0°C under 
nitrogen was added 9-BBN (12 mL. 0.5M sobi in THF, 6 mmol, 2.5 eq.) dropwise over 
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10 min. The reaction mixture was warmed to rt and left to stir overnight The resultant 
yellow soln was cooled to O^C and then quenched carefully with ethanol (3 mL), followed 
by aq. NaOH (1.8 mL, 3N sohi). Finally, aq. H2O2 (1.8 mL, 37% sohi) was added 
dropwise maintaining the internal reaction mixture tenvp between 5 and 10 °C. The 
5 reaction mixture was warmed to rt and then refluxed for 90 min. The reaction mixture 
was cooled to rt, poured mto ethyl acetate and water and extracted. The organic layer was 
separated, dried over MgS04 and concentrated. The crude product was purified using 
automated chromatography (silica) (0 to 60% ethyl acetate\cyclohexane gradient) to 
provide (12Db) as a clear oil (540 mg, 70%). 

10 

Scheme 2D - Examples 

Example 6D: 3-Ethvl-3-(3-methvlamino-propvIVl-p-toIvl-3.4-dih vdro-ijr-quinoto^ 
2>ope fl3Db> 

15 To a sohi of (12Db) (540 mg, 1.67 mmol) and triethylamine (350 laL, 2.5 mmol) in 
anhydrous THF (20 mL) at O^C under nitrogen was added dropwise a sohi of 
methanesulfonyl chloride (142 jiL, 1.8 mmol) in THF (1 mL). The reaction mixture was 
warmed to rt and stured for 3 h. The reaction mixture was poured mto ethyl acetate and 
water and extracted- The organic layer was separated, dried over MgS04 and 
20 concentrated. The crude mesylate (670 mg, 100%) was dissolved in ethanol (10 mL) and 
aqueous 40% methylamme (5 mL) and heated at 65*^0 under nitrogen for 2 h. The 
reaction mixture was cooled, poured into water and extracted with ethyl acetate (100 mL). 
The organic layer was separated, dried over MgS04 and concentrated. The product was 
purified by SCX-2 to give 384 mg of the racemate. The racemate was separated into its 
25 individual enantiomers using chiral HPLC. Each enantiomer was dissolved in CH2CI2 (2 
mL) and treated with 1 equivalent of D-tartaric acid dissolved in a minimum volume of 
warm methanol. The resultant soln was concentrated and the solid was dried imder vacuo 
to provide the D-tartrate salt of the amine. NMR (300 MHz, CDCI3) (racemate) 6 0.92 
(t, J- 7.44 Hz, 3H), 1.49-1.75 (m, 6H), 1.81 (br, IH), 2.40 (s, 6H), 2.57 (t, J= 6.59 Hz, 
30 2H), 2.89 (d, J= 15.82 Hz, IH), 3.00 (d, J= 15.82 Hz, IH), 6.29 (d, J= 7.91 Hz, IH), 6.92- 
7.08 (m, 4H), 7.16 (d, J= 7.16 Hz, IH), 7.29 (d, J- 7.91 Hz, 2H). ^H NMR (300 MHz, 
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MeOD-d4) (isomer D-tartrate salt) 5 0.93 (t, J= 7.44 Hz, 3H), 1,54-1.84 (m, 6H), 2.42 (s, 
3H), 2.66 (s, 3H). 2.91-3.00 (m, 3H), 3.11 (d, J= 15.83 Hz. IH), 4.41 (s, 2H), 6.22-6.27 
(tn, IH), 6.80-7.07 (m, 4H), 7.21-7.27 (m, IH), 7.36 (d, J= 7.91 Hz, 2H). LCMS (12 
nainute method) [M+H]+ = 337 @Rt 5.21 min (100%). 

Example TP; 3-(3-Methvlaiiiuio-proDvR-l-phenvl-3-propvl-3.4-dihvdro-i£r- 
qiiinnlin-l-one (13iDsC\ 

This was prepared from (3Dc) (780 mg, 2.9 mmol) using the same synthetic sequence 
described above (3Dd to 13Db) to give 233 mg of the racemate. The racemate was 
separated into its individual enantiomers using chiial HPLC and each enantiomer was 
converted into its D-tartrate salt as described for (13Db). *H NMR (300 MHz, CDCI3) 
(racemate) 5 0.88 (t, J= 7.16 Hz, 3H), 1.26-1.48 (m, 2H), 1.50-1.78 (m, 7H), 2.40 (s, 3H), 
2.56 (t, J= 6.59 Hz, 2H), 2.92 (d, J= 15.83 Hz, IH), 3.01 (d, J= 15.83 Hz, IH), 6.25-6.28 
(m, IH), 6.94-7.05 (m, 2H), 7.16-7.19 (m, 3H), 7.37-7.42 (m, IH), 7.47-7.52 (m, 2H). ^H 
NMR (300 MHz, MeOD-d4) (isomer D-tartrate salt) 5 0.77-0.82 (t, J= 7.06 Hz, 3H), 
1.24-1.35 (m, 2H), 1.44-1.51 (m, 2H), 1.69 (bs, 3H), 2.56 (s, 3H), 2.84-2.89 (m, 3H), 
3.01-3.06 (d, J= 15.83 Hz, IH), 3.20-3.22 (q, J=1.55 Hz, 2H), 4.30 (s, 2H), 6.11-6.14 (dd, 
J= 7.72, 2.26 Hz, IH), 6.89-6.97 (m, 2H), 7.07-7.10 (m, 2H), 7.14-7.17 (m, IH), 7.34- 
7.39 (t, J= 7.35 Hz, IH), 7.43-7.48 (t, J= 7.35 Hz, 2H). LCMS (12 minute method) 
[M+H]* = 337 @ Rt 5.2 min (100%). 

Example 8D; 3-f3-Methvlainiao-propvlV3-propYl-l-iHtoIvi-3.4-dihvdro-iiy-qumoIm^ 
2-one f 13Dc^ 

This was prepared from (3De) (840 mg, 2.6 mmol) using the same synthetic sequence 
described above (3Dd to 13Db) to give 393 mg of the racemate. The racemate was 
separated into its indiA/idual enantiomers using chiral HPLC and each enantiomer was 
converted into its D-tartrate salt as described for (13Db). *H NMR (300 MHz, CDCI3) 
(racemate) 5 0.88 (t, J= 7.16 Hz, 3H), 1.20-1.75 (m, UH), 2.39 (s, 3H), 2.40 (s, 3H), 2.90 
(d, J= 15.64 Hz, IH), 2.99 (d, J= 15.64 Hz, IH), 6.29 (d, J= 7.72 Hz, IH), 6.93-7.07 (m, 
4H), 7.14-7.16 (m, IH), 7.25-7.31 (m, 2H). ^H NMR (300 MHz, MeOD-d4) (isomer D- 
tartrate salt) 5 0.91 (t, J= 7.06 Hz, 3H), 1.28-1.85 (m, 8H), 2.44 (s, 3H), 2.68 (s, 3H), 
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2.94-2.99 (m, 3H), 3.14 (d, J= 15.82 Hz, IH), 4.41 (s, 2H), 6.25-6,28 (m, IH), 7.02-7.07 
(m, 4H), 7.25-7.28 (m, IH), 7.38 (d, J= 7.91 Hz, 2H). LCMS (12 minute method) {M+W^ 
= 351 @ Rt 5.6 min (100%). 

5 Example 9D; 3-B^tvl-3-G-methvIam^no-propvlVl-l^^toM-3.4-dihydro-iiy-a^^moli^l- 
2-one a3Dd> 

This was prepared from (3Df) (790 mg, 2.7 mmol) using the same synthetic sequence 
described above (3Dd to 13Db) to give 334 mg of the racemate. The racemate was 
separated into its individual enantiomers using cliiral HPLC and each enantiomer was 

10 converted into its D-tartrate salt as described for (13Db). NMR (300 MHz, CDCI3) 
(racemate) 6 0.87 (t, J= 6.97 Hz, 3H), 1.20-1.40 (m, 4H), 1.55-1.74 (m, 6H), 2.40 (s, 3H), 
2.40 (s, 3H), 2.55 (t, J= 6.78 Hz, 3H), 2.91 (d, J= 15.63 Hz, IH), 2.99 (d, J= 15.63 Hz, 
IH), 6.28-6.31 (m, IH), 6.93-7.00 (m, 2H), 7.02-7.06 (m, 2H), 7.14-7.16 (m, IH), 7.29 
(d, J= 8.07 Hz, 2H). ^H NMR (300 MHz, MeOD-d4) (isomer D-tartrate salt) 6 0.90 <t, J= 

15 6.97 Hz, 3H), 1.20-1.85 (m, lOH), 2.44 (s, 3H), 2.68 (s, 3H), 2.94-2.99 (m, 3H), 3.14 (d, 
J= 15.82 Hz. IH), 4.42 (s, 2H), 6.25-6.28 (m, IH), 7.00-7.07 (m, 4H), 7.25-7.28 (m, IH), 
7.38 (d, J= 7.91 Hz, 2H). LCMS (12. minute method) [M+H]* = 365 @ Rt 5.9 min 
(100%). 

20 Example lOD; 3-Isopropvl-3-(3-methvlamino-propvl>-l-p-tolvl-3.4-dihvdro-JjH- 
auinolip-2-one (13De^ 

This was prepared from (3Dg) (806 mg, 2.89 mmol) using the same synthetic sequence 
described above (3Dd to 13Db) to give 307 mg of the racemate. ^H NMR (300 MHz, 
CpCU) (racemate) 5 ppm 0.92 (dd, J= 8.95, 6.88 Hz, 6H), 1.39-1.88 (m, 5H), 2.12-2.23 
25 (m, IH), 2.39 (s, 3H), 2.40 (s, 3H), 2.56 (t, J= 6.78 Hz, 2H), 2.94 (d, J= 15.92 Hz, IH), 
3.00 (d, J= 15.92 Hz, IH), 6.28 (dd, J= 7.82, 1.04 Hz, IH), 6.92-7.06 (m, 4H), 7.16 (dd, 
J= 6.97, 1.13 Hz, IH), 7.29 (d, J= 7.91 Hz, 2H). LCMS (12 minute method) [M+H]"' = 
351 @Rt 5.55 mm (100%). 



30 Example IIP; 6-Chloro-3-ethvl-3-(3-methvlammo-propvn-l-p-tolvl-3.4-dihvdro-iJg- 
aumolin-2-one (ISDf) 
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This was prepared from (IDc) using the same synthetic sequence described above to give 
205 mg of the racemate. The racemate was separated into its iadividual enantiomers using 
chiral HPLC and each enantiomer was converted into its D-tartrate salt as described for 
(13Db). NMR (300 MHz, CDCI3) (racemate) 5 ppm 0.91 (t, J= 7.44 Hz, 3H), 1.50- 
1,75 (m, 6H), 2.15 (br, IH), 2.40 (s, 3H), 2.41 (s, 3H), 2.55-2.64 (m, 2H), 2.85 (d, J= 
16.01 Hz, IH), 2.97 (d, J= 16.01 Hz, IH), 6.23 (d, J= 8.85 Hz, IH), 6.97 (dd, J= 8.67, 
2.45 Hz, IH), 7.02 (d, J= 8.29 Hz, 2H), 7.14 (d, J= 2.26 Hz, IH), 7.29 (d, J= 8.10 Hz, 
2H). ^H NMR (300 MHz, MeOD-d4) (isomer, D-tartrate salt) 5 ppm 0.84 (t, J= 7.35 Hz, 
3H), 1.40-1.75 (m, 6H), 2.32 (s, 3H), 2.57 (s, 3H), 2.80-2.92 (m, 3H), 3.01 (d, J= 16.20 
Hz, IH), 4.31 (s, 2H), 6.13 (d, J- 8.67 Hz, IH), 6.92-6.98 (m, 3H), 7.19 (d, J= 2.26 Hz, 

IH), 7.26 (d, J= 7.91 Hz, 2H). LCMS (12 minute method) [M+H]'*" 371/373 @Rt 5.75 
min(100%). 

Example 12D : 6-Chloro-l-(4-chloro-phenvl)-3-ethvl-3-(3-methvIamino-DropvlV3^4- 
dihvdro-Jg-quinolin-2-oDe fl3Dg^ 

This was prepared from (IDc) using the same synthetic sequence described above to give 
222 mg of the racemate, which was purified by preparative LCMS. ^H NMR (300 MHz, 
CDCI3) (racemate) 5 ppm 0.84 (t, J- 7.44 Hz, 3H), 1.40-1.70 (m, 6H), 2.35 (br, 4H), 
2.49-2.56 (m, 2H), 2.80 (d, J=- 16.01 Hz, IH), 2.90 (d, J= 16.01 Hz, IH), 6.14 (d, J= 8.67 
Hz, IH), 6.93 (dd, J= 8.67, 2.26 Hz, IH), 7.04 (ddd, J= 9.04, 2.83, 2.45 Hz, 2H), 7.09 (d, 

J= 2.26 Hz, IH), 7.36-7.43 (m, 2H). LCMS (12 minute method) [M-f-H]*" = 391/393 @Rt 
5.67min(92%). 

Scheme 3D - Preparation of intermediates 
l-(4-Methoxy-benzyl)-354-dihydro-iJff-quinolin-2-one (14D) 

A 5 litre flange-neck flask equipped with an air stirrer and paddle, thermometer, nitrogen 
bubbler and pressure equalising dropping funnel was charged with sodixma hydride 
(25.5g, 60% oil dispersion, 0.637 mol) and 40-60 pet. ether (100 ml). The mixture was 
stirred briefly and then allowed to setde under nitrogen. After decanting the supernatant 
. liquid, the vessel was charged with dimethylformamide (2 litres). The well stirred 
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suspension was cooled to 7-8**C using an external ice-bafh. Then a soln of 3,4-diliydro- 
lH-qumolin-2-one (la) (73.6g, 0.5 mole) in anhydrous dimethylfonnainide (500 ml) was 
added dropwise over 25 min. The mixture was stirred at 7-8°C for 30 min, then 4- 
methoxybenzyl chloride (102 g, 0.65 mole, 1.3 eq.) was added over 10 min. The reaction 
5 mixture was left to stir for 2 h. at <10'^C then allowed to warm-up to room temperature 
and stitied overnight. The stirred reaction mixture was quenched with ice/water (2.5 
litres) and cooled to 15 using an external ice-bath. The white solid was isolated by 
filtration and washed with water. After drying in vacuo at 40^C overnight the product was 
obtained (113.4g, 85%). 

10 

l-(4-Methoxy-benzyl)-3-methyl-3,4-dihydro-ifi-quinolin-2-one (15D) 
To a sohi of (14) (20 g, 75 mmol) in anhydrous THF (400 mL) at -78°C under nitrogen 
was added LiHMDS (78.6 mL, IM soki in hexanes, 78.6 mmol) dropwise over 10 min. 
The reaction mixture was left at -78^C for 30 min and then a solution of methyl iodide 
15 (5.13 mL, 83 mmol) in THF (5 mL) was added dropwise. The reaction mixture was 
warmed slowly to rt, quenched with water (50 mL) and extracted with ethyl acetate (400 
mL). The organic layer was separated, dried over MgS04 and concentrated to give the 
product as a yellow solid (21 g, 1 00%) that was used directly m the next step. 

20 3-AUyl-l-(4-methoxy-beii2yl)-3-methyl-3,4-dihydro-iH-quinolin-2-one(16Db) 

To a sohi of (15D) (20.5 g, 73 mmol) in anhydrous THF (400 mL) at -78'*C under 
nitrogen was added LiHMDS (80 mL, IM soln in hexanes, 80 mmol) dropwise over 10 
min. The reaction mixture was left at -78''C for 30 min and then a solution of allyl 
bromide (7.6 mL, 87 mmol) in THF (5 mL) was added dropwise. The reaction mixture 

25 was warmed slowly to rt, quenched with water (100 mL) and extracted with ethyl acetate 
(400 mL). The organic layer was separated, dried over MgS04 and concentrated to give 
the product as an orange oil (23.9 g, 100%) that was used directly in the next step. 



30 



3-(3-Hydro5y-propyl)-l-(4-methoxy-beiizyl)-3-methyl-3,4,^^^ 
quinoIiii-2-one (ITDb) 
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To a soln of (16Db) (23,9 g, 74 mmol) in anhydrous THF (400 mL) at 0°C under nitrogen 
was. added 9-BBN (370 mL, 0.5M soln in THF, 185 mmol, 2.5 eq.) dropwise over 10 
min» The reaction mixture was warmed to rt and left to stir overnight. The resultant 
yellow soln was cooled to 0°C and ttien quenched carefully with ethanol (95 mL), 
followed by aq. NaOH (60 mL, 3N soln). Finally, aq. H2O2 (60 mL, 37% soln) was added 
dropwise maintaining the internal reaction mixture temp between 5 and 10 ^C. The 
reaction mixture was warmed to rt and then refluxed for 90 min. The reaction mixture 
was cooled to rt, poured into ethyl acetate and water and extracted. The organic layer was 
separated, dried over MgS04 and concentrated. The crude product was purified using 
automated chromatography (silica) (0 to 80% ethyl acetateXcyclohexane gradient) to 
provide the product as a clear oil (21.3 g, 84%). 

l-(4-Methoxy-benzyl)-3-methyl-3-(3-methylammo-propyl)-394,4a,8a-tetrah^ 
quinolm-2-one (18Db) 

To a sobi of (ITDb) (18 g, 53 nunol) and triethylamine (11.1 mL, 79 mmol) in anhydrous 
THF (450 mL) at O^C under nitrogen was added dropwise a soln of methanesulfonyl 
chloride (4.52 mL, 58 mmol) in THF (50 mL). The reaction mixture was warmed to rt 
and stirred for 3 h. The reaction mixture was poured into ethyl acetate and watCT and 
extracted. The organic layer was separated, dried over MgS04 and concentrated. The 
crude mesylate (22 g, 99%) was dissolved in ethanol (500 mL) and aqueous 40% 
methylamine (200 mL) and heated at 65^C under nitrogen for 2 h. The reaction mixture 
was cooled, concentrated and then extracted with ethyl acetate (300 mL). The organic 
layer was washed with water, brine, dried over MgS04 and concentrated to give the crude 
product (17.8 g, 96%). 

Methyl-[3-(3-methyl-2-oxo-l,2394,4a,8a-hexahydro*-quinolin-3-yl^ 
acid tert'hutyl ester (19Db) 

A mixture of (18Db) (17.8 g, 50.5 mmol) and anisole (5.5 mL, 50.5 mmol) in 
trifluoroacetic acid (250 mL) was heated at 65°C under nitrogen for 2 h. The reaction 
mixture was concentrated under vacuo and the residue was dissolved in methanol (10 
mL). The methanol soln was applied to an SCX-2 column (300 g, pre-washed with 
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methanol) and the column washed wifli methanol (approx 1 Utre) untU the sohi became 
colourless. The product was eluted with 2N NH3 in methanol (500 mL) and the basic sohi 
was concentrated to provide 3-Methyl-3-(3-mettiylamino-propyl)-3,4-dihydro-lH- 
quinolin-2-one (9 g, 77%). To a sohi of this amine (8.6 g, 37 mmol) in anhydrous THF 

5 (350 mL) at O^C was added a sohi oif di-ferr-butyl dicarbonate (8.34 g, 97%, 50.5 mmol) 
in THF (20 mL) dropwise. The reaction mixture was warmed to rt and stirred for 3 h. The 
reaction mixture was poured into ethyl acetate (400 mL) and water (200 mL) and 
extracted. The organic layer was separated, dried over MgS04 and concentrated to give 
the product as a yellow soUd (12.26 g, 100%). This material was used without further 

10 purification. 

Methyl-l3-(2-oxo-l,2^,4-tetrahydroHiiimolm-3-yl)-propyl]-carbamic add tert-butyl 
ester (19Da) 

This was prepared firom (14D) using the same synthetic sequence described above. 

15 

[3-(6-CWoTO-1^3,4-tetnihydi^iimolin-3-yl)-propyll-methyl-carbamic acid tert- 
butyl ester (20Da) 

To a sohi of (19Da) (2.75 g, 8.6 mmol) in anhydrous DMF (25 mL) at 0°C was added 
dropwise a sohi of N-chlorosuccinimide (1.17 g, 8.7 mmol) in anhydrous DMF (3 mL). 
20 The reaction mixture was warmed to rt, stirred overnight and then poured mto ethyl 

acetate (100 mL) and water (50 mL) and extracted. The organic layer was separated, dried 
over MgS04 and concentrated to provide the product as a yellow oil 3 g, 98%) that was 
used without further purification. 

25 Scheme 3P - Examples 

F.Tflmnle 13D; 3-n-M'-'<^hY ^am i"«-nropvlVl -p-tolvl-3.4-dihvdro-iH-aninoUn-2-one 
f21Da^ 

A stirred mixture of (19Da) (100 mg. 0.31 mmol), K2C03 (92 mg, 0.66 mmol), trans- 
30 cyclohexane-l,2-diamme (8 pL, 0.06 mmol) and 4-bromotoluene (162 mg, 0.94 mmol) in 
1,4-dioxane (0.5 mL) was heated under a nitrogen atmosphere at 125''C for 5 min to 
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deoxygenate the reaction mixture. Copper (I) iodide (12 mg, 0.06 mmol) was added in 
one portion and the reaction mixture was refluxed overnight at 125°C. After cooling to rt, 
the reaction mixture was poured into ethyl acetate (100 mL) and extracted with water. 
The organic layer was separated, dried over MgS04 and concentrated. The crude product 
was purified using automated chromatography (silica) (0 to 80% ethyl 
acetate\cyclohexane gradient) to provide the Boc protected product (70 mg, 54%). To a 
soln of this material (70 mg, 0.17 mol) in DCM (2 mL)^ was added trifluoroacetic acid 
(197 |xL, 2.55 mmol, 15 eq.). The reaction mixture was left to stir at room temperature for 
90 mia, concentrated under vacuo poured into ethyl acetate (50 mL) and aq. NaHCOs (20 
mL) and extracted. The organic layer was separated, dried over MgS04, concentrated and 
the cmde product was purified by SCX-2 to provide the racemate (40 mg, 75%). The 
racemate was separated into its individual enantiomers using chiral HPLC. NMR (300 
MHz, CDCI3) (racemate) 5 1.49-1.77 (m, 3H), 1.86-1.96 (m, IH), 2.34 (bs, IH), 2.40 (s, 
3H), 2.43 (s, 3H), 2.61-2.66 (t, J= 6.88 Hz, 2H), 2.68-2.78 (m, IH), 2.83-2.90 (m, IH), 
3.09-3.17 (m, IH), '6.36 (dd, J= 7.7 Hz, 1.0 Hz, IH), 6.94-7.03 (m, 2H), 7.08 (d, J= 8.2 
Hz, 2H), 7.13-7.17 (m, IH), 7.29 (d, J=. 8.1 Hz, 2H); ^H NMR (300 MHz, MeOD-d4) 
(isomer, D-tartrate salt) 5 1.64 (bs, IH), 1.89 (bs, 3H), 2.41(s, 3H), 2.70 (s, 3H), 2.75-2.87 
(m, IH), 2.91-3.06 (m, 3H), 3.20 (dd, J= 5.9, 15.26 Hz, IH), 4.45 (s, 2H), 6.32-6.35 (m, 
IH), 7.00-7.12 (m, 4H), 7.28-7.30 (m, IH), 7.37 (d, J= 8.1 Hz, 2H). LCMS (12 minute 
method) [M+H]"^ = 309 @ Rt 4.7 min (100%). 

Example 14D; 6-Chloro-3-^3-methvlainino--propvlVl-p-tolvl-'3«4-dihvdro-ijBr- 
niiinnliii-2-one (21Dn> 

This was prepared fix>m (20Da) (132 mg, 0.29 mmol) using fhe same methods desodbed 
for (21Da) to provide the racemate (86 mg). ^H NMR (300 MHz, CDCI3) (racemate & 
isomer) 5 1.50-1.57 (m, IH), 1.62-1.90 (m, 3H), 2.34 (s, 3H), 2.41 (s, 3H), 2.63-2.82 (m, 
5H), 3.00-3.07 (m, IH), 6.22 (d, J= 8.6 Hz, IH), 6.92 (dd, J= 2.45, 8.66 Hz, IH), 6.99 (d, 
J= 8.1 Hz, 2H), 7.11 (d, J= 2.25 Hz, IH), 7.23 (d, J= 8.1 Hz, 2H). LCMS (12 minute 
method) [M+H]'' = 343/345 @ Rt 5.2 min (96%). 
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Example ISD; l-f3-FInoroDhenvlV3-f3-meflivlamino-propvn-3.4-dihvdro-ijg- 
aiiiBftlin-2-ftiife f21Db) 

This was prepared from (19Da) (200 mg, 0.63 mmol) using the same two-step procedure 
described for (21Da) to provide the racemate (83 mg). NMR (300 MHz, CDCI3) 
5 (racemate) 5 1.60-1.70 (m, IH), 1.92 (br, 3H), 2.64 (bs, 3H), 2.72-2.74 (m, IH), 2.86-3.09 
(m, 4H), 6.35 (dd, J= 7.72, 1.510 Hz, IH), 6.94-7.23 (m, 6H), 7.43-7.51 (m, IH). LCMS 
(12 minute method) |M+H1'^ = 313 @ Rt 4.4 min (100%). 

Example 16P: l-(4-Chlorophenyl)-3-(3-methvlamipo-propvlV-3,4-dihydro-i.g- 

10 attmoliii-2-one (21Dc> 

This was prepared from (19Da) (122 mg, 0.38 mmol) using the same two-step procedure 
described for (21Da) to provide liie crude product, which was purified by SCX-2 to give 
the racemate (70 mg). *H NMR (300 MHz, CDCI3) (racemate) 5 1.49-1.73 (m, 3H), 1.89 
(m, 2H), 2.43 (s, 3H), 2.62 (t, J= 6.79, 7.15 Hz, 2H), 2.68-2.78 (m, IH), 2.83-2.93 (m, 

15 IH), 3.14 (dd, J= 15.43, 5.37 Hz, IH), 6.34 (dd, J= 7.73, 1.14 Hz, IH), 6.96-7.09 (m, 2H), 
7.14-7.21 (m, 3H), 7.45-7.48 (m, 2H). LCMS (12 minute method) \M+Wt = 329/331 @ 
Rt 5.1 min (90%). 



Example 17P; l-(3,4-DichlorophenvlV3-(3-methvlamipo-propyn-3,4-dihvdro-J.g- 
20 quinolin-2-ope (21Pd) 

This was prepared from (19Da) (150 mg, 0.47 namol) using the same two-step procedure 
desoibed for (21Da) to provide die crude product, which was purified by SCX-2 to give 
the racemate (111 mg). ^H NMR (300 MHz. CDCI3) (racemate) 8 1.49-1.75 (m, 3H), 1.83 
(bs, IH), 1.85-1.97 (m, IH), 2.43 (s, 3H), 2.63 (t, J= 13.56, 6.59 Hz, 2H), 2.68-2.77 (m, 
25 IH), 2.83-2.94 (m, IH), 3.13 (dd, J= 15.45, 5.28 Hz, IH), 6.36 (dd, J= 7.73, 0.93 Hz, IH), 
6.99-7.11 (m, 3H), 7.20-7.21 (m, IH), 7.35 (d, J= 2.26 Hz, IH), 7.57 (d, J= 8.48 Hz, IH). 
LCMS (12 minute method) rM+HJ* = 363/365 @Rt 5.4 min (92%). 
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Example 18D: l-(3-CMorophenvlV3-(3-me«hvI» m™o-nrn pvr>-3.4-dihvdro-Jg- 
qnmnlin-2-one (21De> 

This was prepared from (19Da) (200 mg, 0.63 tnmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to ^ve 
5 the racemate (138 mg). NMR (300 MHz, CDCI3) (racemate) 8 1.50-1.77 (m, 3H), 
1.89-1.96 (m, 2H), 2.44 (s, 3H), 2.64 (t, J= 6.89 Hz, 2H), 2.69-2.78 (m, IH), 2.84-2.93 
(m, IH,), 3.10-3.17 (m, IH), 6.33-6.36 (m, IH), 6.97-7.10 (m, 2H), 7.11-7.15 (m, IH), 
7.21-7.24 (m, 2H), 7.37-7.47 (m, 2H). LCMS (12 minute meiiiod) [M+H]^ = 329/331 @ 
Rt 5.01 inin (90%). 

10 

Example 19P: l-(4-FlnorophenvlV3-(3-meflivlamnio-propvlV3,4-dihvdro-iJ5r- 
qpinolin-2-one (21Pfl 

This was prepared from (19Da) (200 mg, 0.63 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
15 the racemate (48 mg). ^H NMR (300 MHz, CDCI3) (racemate) 5 1.26-1.28 (m, IH), 1.92 
(m, 2H), 2.63 (bs, IH), 2.72 (m, IH), 2.85-3.08 (m, 2H), 3.48-3.51 (m, 5H), 6.32-6.34 (d, 
J= 7.91 Hz, IH), 7.01-7.70 (m, 2H), 7.16-7.19 (d, J= 7.I6 Hz, 5H), 9.46 (bs, IH). LCMS 
(12 minute method) [M+H]"^ = 3 13 @ Rt 4.5 min (100%). 

20 Example 20P; l-(4-Ethvlphenvn-3-(3-methvlamino-propvlV3.4-dihYdro-iH- 
aiiinolm-2-one (21Dg') 

This was prepared from (19Da) (148 mg, 0.46 mmol) uskig the same two-step procedxore 
described for (21Da) to provide the racemate (61 mg). *H NMR (300 MHz. CDCI3) 
(racemate) 8 1.25-1.30 (m, IH), 1.52-1.67(m, IH), 1.69-1.80 (m, 2H), 1.87-1.98 (m, IH), 
25 2.46 (s, 3H), 2.67-2.92 (m, 9H), 3.1 1-3.16 (m, IH), 6.34-6.37 (m, IH), 6.94-7.06 (m, 2H), 
7.09-7.11 (d, J= 8.1 Hz, 2H), 7.17-7.20 (d, J= 7.35 Hz, IH), 7.30-7.33 (d, J= 8.28 Hz, 
2H). LCMS (12 minute method) [M+HJ"^ = 323 @ Rt 5.4 min (98%). 
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Example 21D: 3-Methvl-3-^3-methvlamino-propvn-l-p-tolvl-3.4-dihvdro-lH- 
aiiinolin-2-one f21Dh> 

This was prepared from (19Db) (806 mg, 2.89 mmol) using the same methods described 
for (21Da) to provide the racemate. The racemate was separated into its individual 
5 enantiomers using chiral HPLC. *H NMR (300 MHz, CDCI3) (racemate & isomer) 6 1 .24 
(s, 3H), 1.60-1.65 (m, 4H), 2.40 (s, 3H), 2.43 (s, 3H), 2.60-2.65 (m, 2H), 2.87 (d, J= 15.73 
Hz, IH), 2.98 (d, J= 15.73 Hz, IH), 3.46 (br, IH), 6.30 (dd, J= 7.91, 1.13 Hz, IH), 6.90- 
7.05 (m, 2H), 7.05 (d, J= 8.29 Hz, 2H), 7.10-7.20 (m, IH), 7.29 (d, J= 7.91 Hz, 2H). 
LCMS (12 minute method) [M+H]"*' = 323 @Rt 5.06 min (100%). 

10 

Example 22D; l-f4-Chlorophenvn-3-meflivl-3-f3-methvlamino-propvl'>-3.4-dihvdro- 
ig-amnolin-2-one aiDft 

This was prepared from (19Db) (100 mg, 0.30 mmol) using the same methods desoibed 
for (21Da) to provide the racemate (97 mg). IH NMR (300 MHz, CDCI3) (racemate) 8 
15 ppm 1.25 (s, 3H), 1.55-1.65 (m, 4H), 2.41 (s, 3H), 2.58 (m, 2H), 2.89 (d, J= 15.82 Hz, 
IH), 2.98 (d, J= 15.82 Hz, IH), 3.12 (br, IH), 6.29 (dd, J= 7.91, 0.94 Hz, IH) , 6.95-7.10 
(m, 2H) , 7.14 (d, J= 8.67 Hz, 2H), 7.15 (m, IH), 7.45 (d, J= 8.67 Hz, 2H). LCMS (12 
minute method) [M+H1+ = 343/345 @Rt 5.09 min (100%). 

20 Example 23Dt l-f3.4-Difflttorophenvn-3-methvl-3-f3-methYlamino-propvlV3.4- 
dihvdro-7g-auinolm-2-one (21Di\ 

This was prepared from (19Db) (100 mg, 0.30 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
the racemate (100 mg). ^HNMR (300 MHz, CDCI3) (racemate) 6 ppm 1.25 (s, 3H), 1.55- 
25 1.65 (m, 4H), 2.41 (s, 3H), 2.50-2.60 (m, 2H), 2.89 (d, J= 15.45 Hz, IH), 2.90 (s, IH), 
2.98 (d, J= 15.45 Hz, IH), 6.30 (dd, J= 7.91, 1.13 Hz, IH), 6.90-7.10 (m, 4H), 7.18 (dd, 

J= 7.16, 1.32 Hz, IH), 7.22-7.35 (m, IH). LCMS (12 minute method) \M+uf = 345 @Rt 
4.85 min (97%). 



V 
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Example 24D; 3-Methvl-3-f3-methviamino-propvlVl-m-toM-3.4-dilivdro-ijg- 
qiiinolin-2-one f21Pk> 

This was prepared from (19Db) (100 mg, 0.30 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to ^ve 
5 the racemate (90 mg). ISfMR (300 MHz, CDCI3) (racemate) 6 ppm 1.26 (s, 3H), 1.50- 
1.70 (m, 4H), 1.75 (s, IH), 2.38 (s, 3H), 2.39 (s, 3H), 2.50-2.60 (m, 2H), 2.89 (d, J= 15.64 
Hz, IH), 2.98 (d, J= 15.64 Hz, IH), 6.30 (dd, J= 7.82, 1.04 Hz, IH), 6.90-7.07 (m, 4H) , 
7.18 (dd, J= 13.66, 7.63 Hz, 2H), 7.37 (t, J= 7.63 Hz, IH). LCMS (12 minute method) 
PM+Hj"^ = 323 @Rt 5.09 min (98%). 

10 

Example 25D; l-(33-PiflnoTOPhenvlV3-mefliYl-3-(3-methvlamipo-propvI>-3.4- 
dihvdro-Jjy-attinolin-2-one (21Dn 

This was prepared from (19Db) (100 mg, 0.30 manol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
15 the racemate (95 mg). ^H NMR (300 MHz, CDCI3) (racemate) 5 ppm 1.26 (s, 3H), 1.50- 
1.65 (m, 4H), 2.40 (s, 3H), 2.50-2.60 (m, 2H), 2.82 (br, IH), 2.89 (d, J= 15.82 Hz, IH), 
2.97 (d, J= 15.82 Hz, IH), 6.34 (dd, J= 8.01, 1.04 Hz, IH), 6.74-6.83 (m, 2H), 6.83-6.92 
(m, IH), 6.97-7.13 (m, 2H), 7.19 (dd, J= 7.06, 1.22 Hz, IH). LCMS (12 minute method) 
\M+Ji\* = 345 @ Rt 4.87 min, (97%). 

20 

Kyamnle 26D; 6-Chloro-3-(3-methvlamino-propvlM-pheiivl-3.4-dihvdro-lH- 
qwinnlin-2-one (21Pm'^ 

This was prepared from (20Da) (285 mg, 0.8 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, vMch. was purified by pr^aiative 
25 LCMS to give the racemate (62 mg). ^H NMR (300 MHz, CDCI3) (racemate) 5 1 .49-1 .76 
(m, 3H), 1.86-1.95 (m, IH), 2.33 (bs, IH), 2.44 (s, 3H), 2.61-2.95 (m, 4H), 3.09-3.16 (m, 
IH), 6.24-6.27 (d, J= 8.67 Hz, IH), 6.99 (dd, J= 8.67, 2.26 Hz, IH), 7.17-7.19 (m, 3H), 
7.39-7.44 (m, IH), 7.47-7.52 (m, 2H). LCMS (12 minute method) [M+H]'" = 329/331 @ 
Rt 5.04 min (93%). 

30 
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Example 27D; 6-Chloro-l-('4-cMoropheBvn-3-('3-methYlaiiuno-propylV3,4-dihvdro- 
ig-aiuiiolin-2-one f21Po^ 

This was prepared from (20Da) (160 mg, 0.45 mmol) using the same two-step procedure 
desoibed for (21Da) to provide tiie crude product, which, was purified by preparative 
LCMS to pve the racemate (52 mg). ^HNMR (300 MHz, CDCI3) (racemate) 8 1.57-1.67 
(m, IH), 1.73-1.75 (m, 2H), 1.87-1.9 (m, IH), 2.47 (s, 2H), 2.64 (s, IH), 2.68-2.73 (m, 
2H), 2.81-2.89 (m, IH), 3.07-3.13 (m, 3H), 6.27 (d, J= 8.48 Hz, IH), 7.02 (d, J= 8.48 Hz, 
IH), 7.14 (d, J= 8.29 Hz, 2H), 7.19 (s, IH), 7.47 (d, J= 8.29 Hz, 2H). LCMS (12 minute 
method) {M+Hf = 363/365 @ Rt 5.4 min (72%). 

Example 28P; 6-ChloTO-3-methvl-3-<3-me1favlamino-proPYB-l-p-toIvl-3.4-dihYdro- 
i£r-aumoiin-2-nne f2mp) 

This was prepared from (20Db) (490 mg, 1.34 oamol) using the same methods described 
for (21Da) to provide tbe racemate (470 mg). The racemate was separated into its 
individual enantiomers using chiral HPLC. NMR (300 MHz, CDCI3) (racemate) 5 
1.25 (s, 3H), 1.50-1.65 (m, 4H), 2.39 (s, 3H), 2.40 (s, 3H), 2.50-2.60 (m, 3H), 2.86 (d, J= 
16.01 Hz, IH), 2.94 (d, J= 16.01 Hz, IH), 6.24 (d, J= 8.67 Hz, IH), 6.97 (dd, J= 8.76, 
2.35 Hz, IH), 7.03 (d, J= 8.10 Hz, 2H), 7.14 (d, J= 2.26 Hz, IH), 7.29 (d, J= 7.91 Hz, 
2H); 'H NMR (300 MHz, MeOD-d4) (isomer hemi-D-tartrate salt) 8 1.15 (s, 3H), 1.50- 
1.75 (m, 4H), 2.32 (s, 3H), 2.51 (s, 3H), 2.78 (br, 2H), 2.84 (d, J= 16.20 Hz. IH), 2.98 (m, 
IH), 3.15-3.25 (m, 2H), 4.22 (s, IH), 6.14 (d, J= 8.85 Hz, IH), 6.90-6.70 (m, 3H), 7.19 
(d, J= 2.26 Hz, IH), 7.25 (d, J= 7.91 Hz, 2H). LCMS (12 minute method) |M+H]* = 
357/359 @Rt 5.43 min (100%). 

Example 29D: 6-Chloro-l-(4-chlorophenyl)-3-methvl-3-r3-methvlamino-propvIV3.4- 
dihvdro-iH-auinolip-2-one (21Dq) 

This was prepared from (20Db) (490 mg, 1.34 mmol) using the same methods described 
for (21Da) to provide the racemate (425 mg). 'H NMR (300 MHz, CDCI3) (racemate) 8 
ppm 1.25 (s, 3H), 1.50-1.65 (m, 4H), 2.39 (s, 3H), 2.40 (br, IH), 2.50-2.60 (m, 2H), 2.87 
(d, J= 16.20 Hz, IH), 2.95 (d, J= 16.20 Hz, IH), 6.23 (d, J= 8.85 Hz, IH), 7.00 (dd, J= 
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8.57, 2,35 Hz, IH), 7.05-7.20 (m, 3H), 7.40-7.50 (m, 2H). LCMS (12 minute method) 
[M+H]* = 377/379 @Rt 5.26 min (94%). 

Example 30D: 3-Methvl-3-f3-methvlammo-Dropvl>-l-thiophen-2-vl-3.4-dihvdro-lH- 
5 qumolin-2-one (22Da'> 

This was prepared from (19Db) (200 mg, 0.60 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2 to give 
the racemate (125 mg). NMR (300 MHz, CDCI3) (racemate) 5 ppm 1.25 (s, 3H), 1.50- 
1.65 (m, 4H), 2.39 (s, 3H), 2.50-2.60 (br, 2H), 2.88 (d, J= 16.20 Hz, IH), 2.97 (d, J= 
10 16.20 Hz. IH), 3.17 (br, IH), 6.58 (dd, J= 8.01, 0.85 Hz, IH), 6.89 (dd, J= 3.58, 1.32 Hz, 
IH), 6.95-7.15 (m, 3H), 7.16 (d, J= 7.16 Hz, IH), 7.32 (dd, J= 5.65, 1.32 Hz, IH). LCMS 
(12 minute method) \M.+H\' =315 @Rt 4.35 min (98%). 

Example 31D:3-Methvl-3-r3-methvlammo-propviVl-thiophen-3-vl-3.4-dihvdro-lH- 
15 quinolip-2-one (22Db) 

This was prepared from (19Db) (200 mg, 0.60 mmol) using the same two-step procedure 
described for (21Da) to provide the crude product, which was purified by SCX-2-2 to 
give the racemate (128 mg). 'H NMR (300 MHz, CDCI3) 6 1.24 (s, 3H), 1.50-1.65 (m, 
4H), 2.40 (s, 3H), 2.50-2.60 (m, 2H), 2.87 (d, J= 15.82 Hz, IH), 2.96 (d, J= 15.82 Hz, 
20 IH), 3.07 (br, IH), 6.45 (dd, J= 8.10, 0.94 Hz, IH), 6.92 (dd, J= 5.09, 1.32 Hz, IH), 6.98 
(td, J= 7.35, 1.13 Hz. IH), 7,07 (td, J= 7.77, 1.60 Hz, IH), 7.16 (d, J= 7.35 Hz, IH), 7.22 
(dd, J= 3.20. 1.32 Hz, IH), 7.41 (dd, J= 5.09, 3.20 Hz, IH). LCMS (12 minute method) 
[M+H]"" = 315 @Rt 4.29 min (100%). 

25 Scheme 4D - Preparation of intermediates 

{3-[l-(4-Methoxy-benzyl)-3-methyI-2-oxo-6-phenyl-l,2,3,4-tetrahydro-quinolin-3- 
yl]-propyl}-methyl-carbamic acid tert-hutyl ester (23D) 
Step (i) 

30 Sodium hydride (340 mg, 60% dispersion in mineral oil, 8.55 mmol, 1.3 eq.) was added 
portionwise to a soln of (20Dc) (2.7 g. 6.57 mmol) in DMF (40 mL) at O^C. The reaction 
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mixture was left for 30 min at tibis temperature and then 4-methoxyben2yl chloride (L16 
mL, 8.55 mmol, 1.3 eq.) in DMF (1 mL) was added dropwise over 10 min. The reaction 
mixture was warmed to rt slowly and after 1 h was poured into ethyl acetate (200 mL) 
and extracted with water (3 x 50 mL). The organic layer was separated, dried over 
MgS04 and concentrated under vacuo. The erode product was purified using automated 
chromatography (silica) (0 to 80% ethyl acetate\cyclohexane gradient) to provide the 4- 
methoxybenzyl protected 6-bromo precursor (2.2 g, 63%). 
Step (it) 

The product from Step (i) (100 mg, 0,23 mmol), phenylboronic acid (85 mg, 0.70 mmol, 
3 eq.), K2CO3 (138 mg, 1 mmol, 4.3 eq.) and Pd(PPh3)4 (11 mg, 0.009 mmol, 0.04 eq.) 
were suspended in ethanol (1 mL) and water (0.6 mL), The reaction mixture was heated 
ait 80°C overnight, cooled to rt and filtered through ceUte. The filtrate was poured into 
ethyl acetate (100 mL) and water (50 mL) and extracted. The organic layer was separated, 
dried over MgS04 and concentrated to provide the product (23D) (120 mg, 98%) that was 
used without fiirther purification. 

Methyl-[3-(3-methyl"2*oxo-^-phenyl--l^^,4-tetrahydro-quinolin-3-yl^ 
carbamic acid tertA>ntyl ester 
Step (iii) & (iv) 

A mixture of (23D) (120 mg, 0.23 mmol) and anisole (25 |aL, 0.23 mmol) in 
trifluoroacetic acid (2.3 mL) was heated at 65^C under nitrogen for 4 h. The reaction 
mixture was concentrated under vacuo and the residue was dissolved in methanol (2 mL). 
The methanol soln was applied to an SCX-2 column (5g) and the column washed with 
methanol (50 mL). The product was eluted with 2N EtsN in methanol (50 mL) and the 
basic soln was concentrated to provide 3-Metbyl-3-(3-methylamino-propyl)-6-phenyl- 
3,4-dihydro-iJ?-quinolin-2-one (72 mg, 100%). To a soln of this amine (72 mg, 0.23 
nmiol) in anhydrous THF (2 mL) at 0*^C was added di-ferr-butyl dicarbonate (53 mg, 
97%, 0.24 mmol) in one portion. The reaction mixture was warmed to rt and stirred for 3 
h. The reaction mixture was poured into ethyl acetate (25 mL) and water (10 mL) and 
extmcted. The organic layer was separated, dried over MgS04 and concentrated to give 
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the Boc protected precursor (95 mg, 100%). This material was used without further 
purification. 

Scheme 4D - Examples 

Example 32D; 3-Methyl-3-f3-methvlamiiio-propvl)-6-pheiivl-l"P-tolvl-3.4-dihvdro- 
lH-quipolip-2-one (24D> 

This was prepared from the above Boc protected precursor (95 mg, 0.23 mmol) using the 
same two-step procedure described above (19Da to 21Da) to provide the crude product, 
which was purified by SCX-2 to give the racemate (53 mg). NMR (300 MHz, CDCI3) 
(racemate) 5 1.29 (s, 3H), 1.50-1.70 (m, 4H), 2.42 (s, 6H), 2.55-2.65 (m, 2H), 2.94 (d, J= 
15.64 Hz, IH), 3.04 (d, J= 15.64 Hz, IH), 3.18 (br, IH), 6.38 (d, J- 8.29 Hz, IH), 7.09 (d, 
J- 8.10 Hz, 2H), 7.29 (m, 4H), 7.41 (m, 3H), 7,54 (m, 2H). LCMS (12 minute method) 

[M+H]^ = 399 @Rt 6.06 min (100%). 

The following examples illustrate compounds of of Formulae (IE) above and 
methods for their preparation. 

Preparation of Intermediates 

l>l-Pimeflivlethvl fSiS^-S-aminopyrrolidine-l-carboxvlate 

a) 1,1-Dimethylethyl (3iJ)-3-hydroxypyrrolidine-l-carboxylate 

Solid difert-butyldicarbonate (38.8g, 178mmol) was added in portions over 15 
minutes to a stnred solution of (3iJ)-pyrrolidm-3-ol hydrochloride (20g, 162inmol), 
triethylamme (24.8mL, 178mmol) and 4-(dimethylamino)-pyridine (20mg) in dry 
dichloromethane (300mL). After stnring for 2 hours at room temperature, the mixture 
was washed with aqueous citric acid, then brine. The organic extracts were dried 
(MgS04), filtered and evaporated in vacuo to give an oil. This was purified by flash 
chromatography on silica, eluting with ethyl acetate/cyclohexane (20:80 to 60:40), to give 
the title compound as a solid. 
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b) 1,1-Dimethylethyl (3i2>3-[(me1hylsulfonyl)oxy]-pyn:oUdine-l-carboxy 
Methanesulfonyl chloride (5.26xnL, 68inmol) was added dropwise over 5 minutes to a 

stirred solution of 1,1-dimethylethyl (3it)-3-hydroxypyrrolidine-l-carboxylate (10.6g, 
56.7mmol) and triethylamine (ll.SmL, 85mmol) in dichloromethane (250mL) at -10°C. 
After stirring for 1 hour at O^C, the reaction was quenched by addition of water. The 
organic phase was washed with brine, dried (MgS04), filtered and evaporated in vacuo to 
give an oil. This was purified by flash chromatography on silica, eluting with ethyl 
acetate/cyclohexane (25:75 to 50:50), to ^ve the title compound as an oil. 

c) 1,1-Dimethylethyl (3S)-3-azidopyrrolidine-l-carboxylate 

Sodium azide (4.4g, 67.4nmiol) was added to a solution of 1,1-dimethylethyl (3jR)-3- 
[(methylsulfonyl)oxy]-pyrrolidine-l-carboxylate (14.3g, 54mmol) in dry 
dimethytformamide (75mL) and the resultant suspension heated at 65**C for 8 hours. 
After cooling to room temperature, the reaction noixture was diluted with water and 
extracted into diethyl ether. The organic phase was washed two fiirther times with water, 
then brine. The organic extracts were dried (MgS04), filtered and evaporated in vacuo to 
give an oil. This was purified by flash chromatography on silica, eluting with diethyl 
ether/cyclohexane (20:80 to 40:60), to give the title compoimd as an oil, 

d) 1,1 -Dimethylethyl (3iS)-3-aminopyrrolidine- 1 -carboxylate 

A mixture of 1,1-dimethylethyl (35)-3-azidopyrrolidine-l -carboxylate (9.0g, 
2.97namol) and 5% paUadium-on-carbon (0.70g) in methanol (150mL) was hydrogenated 
in a Parr apparatus at 65 p.s.i. for 4 hours. The catalyst was removed by filtration through 
Celite and the solvent evaporated in vacuo to give an oil. The resultant title compound 
was used in subsequent reactions without fiirther purification. 

1,1-Dimethylethyl (3i?)-3-aininopyrrolidine-l-carboxylate was similarly prepared as 
described above, fi:om (3iS)-pyrrolidin-3-oL 

U-Dimethylethvl f3iSl-3-Ifl-methvlethvl)amino1-pvrrolidine-l-carboxvlate 
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A mixture of 1,1-dimethylethyl (3S)-3"aininopyrrolidine-l-carboxylate (3.0g) and 5% 
palladium-on-carbon (035g) in methanol (75mL) and acetone (15mL) was hydrogenated 
in a Parr apparatus at 65 p.s.i. for 3 hours. The catalyst was removed by filtration through 
5 Celite and the solvent evaporated in vacuo to give an oil. The resultant title compound 
was used in subsequent reactions without further purification. 

^HNMR (300 MHz, CDCI3) 6h: 1.11-1.19 (m, 6H), 1.45 (s, 9H), 1.55-1.75 (m, IH), 2,01- 
2.15 (m, IH), 2.80-2.92 (m, IH), 2.93-3.05 (m, IH), 3,25-3.70 (m, 4H). 

1 0 The following secondary amines were similarly prepared by reductive alkylation of 
1,1-dimethyletibiyl (3S)-3-aminopyrrolidine-l-carboxylate witii the appropriate aldehyde 
or ketone: 

1,1-Dimethylethyl (3S)-3-(cyclopentylamino)pyrrolidine-l-carboxylate 

1 ,1-Dimetliylethyl (3iS)-3-[(cyclohexybnethyl)amino]-p3m:oUdme-l-carboxylate 

15 

l.l-DimethvlethvH3S>-3-ar2-ftrffluoromethvnphenvll-methvnai ninn^nvrrolM^ 
carboxvlate 

Method A 

20 a)(3S)-JV-{(^-[2-(Trifluoromethyl)phenyl]mefhyUdene}-pyrroU^^ 

3(iS)-Pyrrolidin-3-amine (0.45g, 5.2mmol) and trifluoromethylbenzaldehyde 
(6.87g, 5.0mmol), a crystal of 4-toluenesulphonic acid and toluene were refluxed with 
stirring for one day, using a Dean and Stark apparatus. The solution was evaporated in 
vacuo to give the title compoimd as a brown oil (M+H = 243). 

25 

b) IJ-Dimethylethyl (3S)-3-({(E)-[2-(trifluoromethyl)- 
phenyl]methylidene} amino)pyrrolidine- 1 -carboxylate 

(3iS)-iV-{(£)-[2-(Trifluoromethyl)phenyl]methylidene}-pyn:olidin-3-a^ 
Sromol) was dissolved in dichloromethane (50 mL), and di-^er^-butyl dicarbonate (l.lg, 
30 5.05mmol) followed by DMAP (60mg, O.Smmol) was added. After stirring under 
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nitrogen for 4 hours, the solution was evj^rated in vacuo to give the title compound 
brown oil (M + H = 343). 



5 c) 1,1-Dimethylethyl (3S)-3-({[2-(trifIuoromethyl)-phenyl]methyl}amino)pyrroUdine-l- 
carboxylate 

1,1-Dimethylethyl (3S)-3-({(E)-[2-(trifluoromethyl)- 
phenyl]methylidene>amino)pyrroliduie-l-carboxylate (1.71g, 5mmol) was hydrogenated 
in the presence of 5% palladium on carbon (250mg) at 65psi in ethanol (60mL). After 3.5 
1 0 hours, the catalyst was filtered off and Ihe filtrate evaporated in vacuo to give an oil. The 
oil was purified by automated flash chromatogrs^hy over siUca, eluting with 10% ethyl 
acetate in cyclohexane (10:90 to 50;50), to give the tiHe compound as a colourless oil 
(l.Og, 58%; M + H = 345). 



15 Method B 



a) (35)-iV^{[2-(Trifluoromethyl)phenyl]methyl}pynx>Udin-3-amine 

A mixture of 3(5)-pyrroUdin-3-amine (4g, 46.5mmol), 2-trifluoromethylbenzaldehyde 
(9.1g, 46.5mmol), 5% palladium on carbon (0.4g) and ethanol (150mL) was 
20 hydrogenated at 60psi for 3 hours using a Parr hydrogenator. The catalyst was filtered off 
and the filtrate evaporated in vacuo to give Ihe title compound as an oil. MS: [M+H] = 
245. 

b) l,l-Dimefhylethyl(3S)-3<{[2-(trifluoromethyl)-phenyl]methyl}amino)pyrroUdine-l- 
25 carboxylate 

(35)-iV^{[2-(Trifluoromethyl)phenyl]methyl}pyrroHdin-3-amine (12g, 49.2mmol) was 
dissolved in dichloromethane (120 mL), then di-fe/t-butyl dicarbonate (10.7g, 49.2mmol) 
and DMAP (40mg, 0.33nmiol) were added. After stirring under nitrogen for 1 day, the 
solution was evaporated in vacuo to give an oU. The oil was purified by automated flash 
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chromatography over silica, eluting with ethyl acetate in cyclohexane (0:100 to 40:60), to 
give the title compound as a colourless oil. 
MS:[M+H] = 345. 

5 ia-Dimethvlethvl(35^-3-f(r4-fluoro-2-(trifluoromethviV 
nhenvllmethvllamino^pvrrolidine-l-carboxvlate 

1,1-Dimethylethyl (3iS)-3-aminopiperidine-l-carboxylate (5g) and 4-fluoro-2- 
(trifluoromethyl)benzaldehyde (5.15g, 26.8nimol)were allowed to stir in methanol for 16h 

10 at room temperature. Sodium borohydride (L62g, 26.8nmiol) was then added 
portionwise. The resulting solution was further stirred for 2 h at room temperature. The 
solvent was evaporated in vacuo, water was added, and the solution extracted with 
dichloromethane. The organic extracts were absorbed onto a methanol washed cationic 
ion exchange resin (Isolute ™ SCX-2). The basic components were recovered from the 

15 column by elution with 7N ammonia in methanol. The resultant solution was 
concentrated in vacuo to yield the desired compound as an oil. This was further pvirified 
by column chromatography on silica gel, eluting with ethyl acetate/iso-hexane (0:100 to 
40:60). The title compound was used in subsequent reactions without further purification. 
^HNMR (300 MHz, CDCI3) Sr: 7.37-7.28 (m, 2H), 7.24-7.20 (m, IH), 3.80 (s, 2H), 

20 3.52-3.48 (m, 2H), 3.32 (m, 3H), 3.12 (m, IH), 2.08-2.0 (m, IH), 1.75 (m, IH), 1.45 (s, 
9H). 

The following secondary amines were similarly prepared by reductive alkylation of 
1,1-dimethylefhyl (35)-3-aminopiperidiae-l-carboxylate with the appropriate 
25 benzaldehyde: 

1 ,1 -Dimethylethyl (3iS)-3- { [(3 ,5-dichloro-phenyl)methyl]-ammo}pyrrolidine- 1 -carboxylate. 
1 , 1 -Dimethylethyl (3iS)-3 - { [(5 -fluoro-2- (trifluoromethyl)- 
phenyl)methyl]amino}pyrrolidine-l-carboxylate. 
30 l,l-Dimethylefhyl(3S)-3-{[(2-cUoro-4-fluoro-phenyl)-methyl]aniino}pyCT 
carboxylate. 
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Example IE: (35>-JV-fl>MethvlethvlVJV-(r3^-dichlorophenvll-met^^^ 
amine D-tartrate 



5 a) 1,1-Dimefhylethyl (3iS>3-((l-methylethyl)-{[3,5-dichlorophenyl]me1iiyl}a 
pyrrolidine-1 -carboxylate 

To a solution of 1,1-dimethylefhyl (35)-3-[(l-methyle1hyl)amino]-pyrrolidine-l- 
carboxylate (Ig, 4,4 mmol) and 3,5-dichlorobenzaldehyde (1.53g, 8.77 mmol) in 
trimethylorthoformate (10 mL) at room temperature under a nitrogen atmosphere was 

10 added portionwise sodium triacetoxyborohydride (1.3g, 6.1 mmol). The reaction was 

stirred at room temperature for 72 hours, then evaporated to dryness in vacuo. The residue 
was taken up in aqueous saturated sodium hydrogen carbonate/dichloromethane mixture. 
The aqueous layer was further extracted with dichloromethane (3X), and the combined 
organic layers dried (MgS04) and evaporated to dryness in vacuo. The resulting residue 

15 was dissolved in methanol and filtered through a cationic ion exchange resin (Isolute ™ 
SCX-2). The basic components were recovered from the column by elution with 2N 
ammonia in methanol. This solution was concentrated in vacuo to yield the desired 
compound as a yellow oil that was used in the next step without fiirther purification. *H 
NMR(300 MHz, CDCI3) Sr: 0.95-1.04 (m, 6H), 1.45 (s, 9H), 1.56-1.77 (m, IH), 1.8-1.94 

20 (m, IH), 2.9-3.09 (m, 2H), 3.11-3.25 (m, IH), 3.32-3.56 (m, 3H), 3.59 (s, 2H), 7.15-7.27 
(m, 3H). MS: [M+H] = 387/389/391. 



b)(35)-JV-(l -Methylethyl)-iV^ { [3 ,5-dichlorophenyl]methyl}-pyrrolidin-3-amine D-tartrate 
1,1-Dimethylethyl (35)-3-((l-methylethyl)-{[3,5- 

25 dicUorophenyl]methyl}ainino)pyrrolidine-l-carboxylate (1.36g, 3.51 mmol) was 
dissolved in amixture of dichloromethane and trifluoroacetic acid (10 mL, 2:1) and 
sthred at room temperature for 30 minutes. The reaction solution was concentrated in 
vacuo and redissolved in MeOH. This solution was filtered through a cationic ion 
exchange resm (Isolute ™ SCX-2). The basic components were isolated by elution with 

30 2N ammonia in methanol and further purified by UV guided prep-LC. The desired 

compound was isolated from the acidic prep-LC mobile phase via a cationic ion exchange 
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resin as described above. After evaporation in vacuo the residue was dissolved in hot 
cyclohexane (5 mL) and to this was added an equimolar amount of D-tartaric acid (450 
mg), dissolved in a minimal amount of hot isopropanol. The solution was evaporated in 
vacuo to yield the title compound as a solid. *H NMR (300 MHz, d6-DMSO) 8h: 0.95- 
5 0.99 (m, 6H), 1.58-1.71 (m, IH), 1.91-2.00 (m, IH), 2.76-2.91 (m, 2H), 2.97-3.07 (m, 

IH), 3.18-3.25 (m, 2H), 3.55-3.67 (m, 4H), 3.95 (s, 2H), 7.37-7.38 (m, 2H), 7.43-7.45 (m, 
IH). MS: [M+H] = 287/289/291. 

Hie following Examples were similarly prepared as described above for Example IE, by 
10 reductive alkylation of 1,1-dunefhylethyl (35i)-3-[(l-methylethyl)amino]-pyrrolidine-l- 
carboxylate with the appropriate substituted benzaldehyde: 

Example 2E; r3^-iV-(l-Methvlethvn-JV-ir2-(methvlthio^phenvniw fe*hvn-DviTolidm- 
3-aniine fiimarate 

15 

NMR (300 MHz, CD3OD) 6h: 0,99 (s, 6H), 2.06 (m, IH), 2.37 (s, 3H), 3.01-2.85 
(m, IH), 3.18-3.06 (m, IH), 3.46-3.19 (m, 4H), 3.67 (dd, 2H), 6.60 (s, 2H), 7.10-7.02 (m. 
IH), 7.20-7. 1 1 (m, 2H), 7.40 (dd, IH); MS: [M+H] =265. 

20 The following Examples were similarly prepared as desCTibed above for Example IE, 
by reductive alkylation of 1,1-dimethylethyl (35)-3-[(cyclohexyhnethyl)ammo]- 
pyrrolidine-l-carboxylate with the appropriate substituted benzaldehyde: 

Examplft ^Tf'-- (^.ywV-(CvclohexvImethvn-jV-(r2-(methvlthio^phenvll- 
25 methvBpvrrolidin-3-amme fumarate 

*HNMR (300 MHz, CD3OD) 6h: 0.86-0.69 (s, 3H), 1.22-1.12 (m, 3H), 1.41-1.29 (m, 
IH), 1.84-1.67 (m. 5H), 2.16-1.95 (m, 2H), 2.34 (d, 2H), 2.38 (s, 3H), 3.23-3.05 (m, IH), 
3.44-3.28 (m, 4H), 3.78-3.55 (m, 2H), 6.70 (s, 2H), 7.16 (s, 2H), 7.35-7.32 (m, IH); MS: 
30 [M+H] = 319. 
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Example 4E: (3^-jV-fC:Vclohexv lmethvl^Ar-ra-fluorophenvlWethvll-pviTolidin-3- 
amine fmnarate 

^HNMR(300MHz, CD3OD) 5h: 0.83-0.75 (s, 6H), 1.24-1.17 (m, 3H), 1.48-1.42 (m, 
5 IH), 1.85-1.68 (m, 5H), 2.03-1.92 (m, IH), 2.17-2.10 (m, IH), 2.35 (d, 2H), 3.25-3.05 
(m, IH), 3.44-3.32 (m, 4H), 3.81-3.62 (m, 2H), 6.71 (s, 2H), 7.20-7.05 (m, 2H), 7.33-7.27 
(m, IH), 7.47-7.42 (m, IH); MS: [M+H] = 291. 

Example 5E: f35:^-jV-Fa-CMor ophenvnmcthvll-Ar-(cvclohexvlmethvlVpvrroKdm-3- 
10 amine ftmiarate 

*HNMR(300 MHz, CD3OD) Sr: 0.89-0,77 (m, 2H), 1.24-1.13 (m, 3H), 1,36 (d, 6H) , 
1.49-1,42 (m, IH), 1.83-1.68 (m, 5H), 2,15-1,93 (m, 2H), 2.35 (d, 2H), 3.20-3.06 (m, 
IH), 3.33-3.23 (m, 4H), 3.75-3.42 (m, 2H), 4.69-4.61 (m, IH), 6.70 (s, 2H), 6.98-6.88 (m, 
15 2H), 7.35 (d, IH), 7.50-7.19 (m, IH); MS: [M+H| = 307. 

Example 6E; f3 ^iV-(Cvclohexvlmethvn-jV-»2-ri-(methvlethvl'>oxvl- 
phepvBmethvnpvrrolidia-3-ammefumarate 

20 'H NMR (300 MHz, CD3OD) 6h: 0.89-0.77 (m, 2H), 1 .24-1 . 13 (m, 3H), 1 .36-1 .34 

(dd, 6H), 1.49-1.42 (m, IH), 1.83-1.68 (m, SH), 1.93 (m, 2H, m), 2.35 (d, 2H), 3,20-3,06 
3,20-3.06 (m, IH), 3,33-3.23 (m, 4H), 3.75-3.42 (m, 2H), 4.69-4,61 (m, IH), 6.70 (s, 2H), 
6.98-6.88 (m, 2H), 7.35 (d, IH), 7.50-7.19 (m, IH); MS: [M+H] = 331. 

25 Example 7E; (3^-iV-ir5-Fluoro-2-ftrifluorometlivnphenvnmethvn-iV-ftetrahvdro- 
2g-Pvraii-4-vnpviTolidin-3-amme D-tartrate 

a) 1,1-Dimethylethyl (35)-3-[(tetrahydix>-2^-pyran-4-yl)aimno]pyn-oUdme-l-carboxyla^ 
Neattetrahydro-4if-pyran-4-one (18.7g, lOOmmol) and 1,1-dimethylethyl (3S)-3- 
30 aminopyrrolidine-l-carboxylate (26,lg, 140.1 mmol) were stirred together for 20 minutes 
prior to addition of anhydrous dichloroethane (140mL). The solution was tibien cooled to 
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0°C under nitrogen and stirred as sodium triacetoxyborohydiide ( 59.2g, 281mmol) was 
added portionwise. The reaction was aUowed to warm to room temperature and stirred for 
5 days, after which the reaction solution was carefully poured onto ice-cold aqueous 
sodium hydrogen carbonate solution. The phases were separated and the aqueous phase 

5 washed with dichloromethane. The combmed organic phases were dried (MgS04) and 
concentrated in vacuo. The crude product was purified by automated flash 
chromatography on silica, eluting with methanol in ethyl acetate (0:100 to 30:70), to 
provide the title compound as an ofif-white solid. *H NMR (300 MHz, d6-DMSO) 6h: 
1.13-1^9 (m, 2H), 1.39 (s, 9H), 1.55-1.65 (m, IH), 1.68-1.81 (m, 2H), 1.87-2.00 (m, IH), 

10 2.64 (sep, IH), 2.91 (sex, IH), 3.10-3.45 (m, 6H), 3.81 (dt, 2H). MS: [M+H] = 271, 
[M+H-tBu]=215. 

b)(3S)-JV^{[5-Fluoro-2-(trifluoromethyl)phenyl]methyl}-iV-(tetrahydTO-2H-pyran-4- 

yl)pyrrolidin-3-amine D-tartrate 
15 To a stirred solution of 1,1-dimethylelhyl (3,S)-3-[(tetrahydro-2fZ-pyran-4- 
yl)amino]pyrrolidine-l-carboxylate (1.12g, 4.2mmol) and 5-fluoro-2- 
(trifluoromethyl)benzaldehyde (4.56g, 23.8nmiol) in anhydrous dichloroethane (50mL) 
was added portionwise sodium triacetoxyborohydride (3.86g, 18.3mmol). The reaction 
mixture was stirred at room temperature under nitrogen and the reaction progress was 
20 followed by MS. After 2 days more reagents were added: 5-fluoro-2- 

(trifluoromethyl)benzaldehyde (0.98g, 5.1mmol) and sodium triacetoxyborohydride 
(3.00g, 14.2mmol), and after a further 2 days the reaction was found to be complete. The 
reaction solution was carefully poured onto ice-cold saturated aqueous so<Hum hydrogen 
carbonate solution and filtered through a PTFE hydrophobic fiit. The organic phase was 
25 concentrated in vacuo and the residue redissolved in methanol. The mefhanoUc solution 
was filtered through a cationic ion exchange resm ([solute ™ SCX-2) and the basic 
components isolated by elution witii 2N ammonia in methanol. After concentiating in 
vacuo, the residue was redissolved in dichloromethane /trifluoro-acetic acid (2:1) and 
allowed to stir at room temperature for 4 hours. The reaction mixture was concentrated in 
30 vacuo and redissolved in methanol. The methanolic solution was filtered through a 
cationic ion exchange resm (Isolute SCX-2) and the basic components isolated by 
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elution with 2N ammonia in methatioL The crude product was purified by UV guided 
prep-LC, and the desired compound collected from the acidic prep-LC mobile phase via a 
cadonic ion exchange resin, as described above. The basic product was dissolved in hot 
cyclohexane and to this was added an equimolar amount of D-tartaric acid dissolved in a 
5 minimal amount of hot isopropanol. The solution was allowed to cool overnight, and the 
next day the resultant solid was filtered off and dried in vacuo, to yield the title compoimd 
as a white crystalline soUd. *H NMR (300 MHz, d6-DMSO) 5h: 1 .40-1 .80 (m, 5H), 1.91- 
2.06 (m, IH), 2.61-2.74 (m, IH), 2.81-2.93 (dd, IH), 2,97-3,11 (dt, IH), 3.12-3.31 (m, 
4H), 3.69-3.96 (m, 7H), 7.49-7.61 (m, 2H), 7.90-7.99 (m, IH). MS: [M+H] = 347. 

10 

The following Examples were similarly prepared from 1,1-dimethylethyl (35)-3- 
[(tetrahydro-2iZ^pyran-4-yl)ainino]pyrrolidine-l-carboxylate and the appropriate 
benzaldehyde, as described above for Example 7E: 

15 Example 8E; (3^-Ar-(f2-(TriflttoromethvnpheavHmethvll-iV-ftetrahvdro-2fl-Pvran^ 
4-vftpvrrolidin-3-amine hemi-D-tartrate 

^H NMR (300 MHz, d6-DMSO) 5h: 1.35-1.75 (m, 5H), 1.90-2.04 (m,lH), 2.63-2.75 
(m, IH), 2.76-2.86 (m, IH), 2.94-3.03 (m, IH), 3.10-3.25 (m, 4H), 3.67-3.90 (m, 6H), 
20 7.43 (t, IH), 7.66 (t, 2H), 7.92 (d, IH); MS: [M+H] = 329. 

Example 9E; f3iS>-JV-(l-MethvlethvlVjV-f r2-(trifluoromethvn-5- 

fluoropheny 11 methyl! pvrroIidin-3-amine f umarate 

25 a) 1,1-Dimethylethyl (35)-3-((l-methylethyl)-{[2-(trifluoromethyl)-5- 
fluorophenyl]methyl} amino)-pyrrolidine-l -carboxylate 

A solution of 1,1-dimethylethyl (3S)-3-[(i-methylethyl)amino]pyrrolidine-l- 
carboxylate (0.34g, 1.5mmol) and 2-(trifluoromethyl)-5-fluorobenzyl bromide (0.58g, 
30 2.25nMnol) in acetonitrile (5mL) was heated at reflux with anhydrous potassium 

carbonate (0.41 g, 3nmiol) for 24 hours. The reaction mixture was cooled, diluted with 
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ethyl acetate and washed with water. The organic extracts were washed with brine, dried 
(MgS04), filtered and evaporated in vacuo to give an oil. This was purified by flash 
chromatography on siUca, eluting with ethyl acetate/cyclohexane (0:100 to 10:90), to give 
the title compound as an oil. 

5 

b) (3S)-iSr-(l-Methylethyl)-iV-{[2-(trifluoromethyl)-5- 
fluorophenyl]methyl}pyrrolidin-3-aminefumarate 

A solution of 1,1-dimethylethyl (3S)-3-((l-methylethyl)-{[2-(trifluoromethyl)-5- 
10 fluorophenyl]-methyl>anuno)-pyrroUdine-l-carboxylate (0.26g) in a mixture of 

trifluoroacetic acid (2mL), dichloromethane (8mL) and water (0.2mL) was stirred at room 
temperature for 3 hours. The reaction mixture wa§ evirated in vacuo. The crude 
mixture was taken up in methanol and absorbed onto an SCX-2 ion exchange cartridge. 
After initially washing with methanol, the product was eluted with 2M meflianoUc 
15 ammonia and the collected firactions evaporated in vacuo. The crude product was taken up 
in methanol and firaiaric acid (1 equiv.) in me&anol added. The solvent was removed in 
vacuo and the resultant gum triturated with diethyl ether. The soUd formed was filtered 
off and dried in vacuo at 50°C to yield the title compound as an off-white 
microcrystalline solid. ^HNMR (300 MHz, CD3OD) 6h: 1.09 (d, 3H), 1.10 (d, 3H), 1.87 
20 (m, IH), 2.15 (m. IH), 3.01 (m, 2H), 3.23 (m, IH), 3.38 (m, 2H), 3.81 (m. IH), 3.91 (s, 
2H), 6.70 (s, 2H), 7.15 (dt, IH), 7.73 (m. 2H); MS: [M+H] = 305. 

The following Examples were similarly prepared as described for Example 9E, using the 
appropriate substituted benzyl bromide in step b) above: 

25 

TTvamnle lOE; (3S\-N-(\i .l'-BiDhenvn-2-vlmethvl^ Ar-f1 -methvlethvlVPYrroMin-3- 
amine ftimarate 

^HNMR (300 MHz, CD3OD) §«: 0.95 (d, 6H), 1.75 (m, IH), 1.91 (m, IH), 2.75 (dd, 
30 IH), 2.93 (sept, IH), 3.10 (m, 2H), 3.25 (m, IH), 3.60 (m. 3H), 6.70 (s, 2H), 7.17 (dd, 
IH), 7.25-7.48 (m, 7H), 7.67 (d, IH); MS: [M+H]= 295. 
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Example HE: Methvl rO^pv rroMdin-S-vUri-ftrifliioromethvnphenvl)- 
methvBamino^acetate D-tartrate 

5 60% Sodium hydride oil diversion (39mg, 0.9Sminol) was added to 1,1- 

dimelhylethyl(35>3-({[2<tiifluoromelhyl)-phenyl]methyl}aimno^^ 
carboxylate (250mg, 0.73inmol) in DMF (5mL). After heating at 50T: for 1 hour under 
nitrogen, methyl bromoacetate (123mg, 0.73mmol) was added. After heating overnight at 
SOX overnight, excess water was added and the product was extracted into etiier. The 

10 ether was washed with water, dried (MgS04) and evaporated in vacuo to give an oil 
(460mg). The oil was dissolved in dichloromethane (5mL) and trifLuoioacetic acid 
(O.SmL) was added. After stirring for 1 day, the solution was evaporated in vacuo to give 
an oil. The oil was purified using preparative LCMS to give the product as the acetate 
salt, which was converted to the free base by absorption onto a cationic ion exchange 

1 5 resin (Isolute ™ SCX-2) and eluting the basic fractions with 2N ammonia in methanol. 
Ihe resultant oil was converted to the D-tartaric acid salt (crystallised from ethanol/ 
diethyl ether) to give the title compound as a white solid. 'H NMR(300 MHz, CD3OD) 
5h: 1.84-196 (m, IH), 2.06-2.14 (m, IH), 3.06-3.37 (2 x m,6H), 3.57 (s, 3H), 3.77-3.86 
qum,lH), 3.91-4.06 (q, 2H), 4.29 (s, 2H), 7.32-7.36 (t, IH), 7.49-7.54 (t, IH), 7.56-7.59 

20 (d, IH), 7.76-7.89 (d, IH); MS: [M+H] = 317. 

The following Examples were prepared from 1,1-dimethylethyl (3iS)-3- 
aminopyrrolidine-l -carboxylate by initial reductive alkylation with 2- 
methylpropanaldehyde, followed by a second reductive alkylation with the appropriate 
25 benzaldehyde and subsequent deprotection. 

Example 12E! f3. y)-iV-lf2-(Methoxv^phenvllmethvn-A'^2-metfavlpropvl>pvrrolidin-. 
3-amine ftimarate 



30 ^H NMR (300 MHz, CD3OD) 5h: 0.82 (dd, 6H), 1.66 (sept, IH), 1.79-1.92 (m, IH), 

1.92-2.06 (m, IH), 2.19-2.22 (m, 2H), 2.96-3.13 (m, 2H), 3.18-3.31 (m, 2H), 3.59-3.67 
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(m, 2H), 3.74 (s, 3H), 6.59 (s, 2H), 6.80-6.87 (m, 2H), 7.11-7.18 (m, IH), 7.25 (dd, IH); 
MS: [M+H| = 263. 

The following Examples were prepared from 1,1-dimethyleliiyl (3S)-3-({[2- 
5 (trifluoromethyl)phenyl]-methyl}ainino)pyrrolidme-l-carboxylate by reductive alkylation 
with the appropriate aldehyde or ketone and subsequent deprotection. 

Example 13E: (35VJV-fl-Methvlethvn-iV-f P-ftrifluoromethvlV 
phenvl1meflivRpviTolidm-3-amhie fiimarate 

^HNMR (300 MHz, CD3OD) 5h: 7.98-8.00 (d, IH), 7.60-7.68 (d+t, 2H), 7.38-7.43(t. 
10 IH), 6.70 (s, 2H), 3.91 (bs, 2H), 3.74-3.85 (m, IH), 3.17-3.40 (M, 5H), 2.96-3.10 (m,3H), 
2.08-2.18 (m, IH), 1.82-1.96 (m,lH), 1.08-1.11 (dd, 6H); MS: [M+H] = 287. 

Example 14E; f3 ^-A^-Ethvl-iV-(r2-rtrifluoromethvnphenvllmethvU-Dvrrolidin-3- 
amine fiimarate 

15 

'H NMR (300 MHz, CD3OD) 5h: 8.00-8.03 (d, IH), 7.67-7.76 (d+t, 2H), 7.47-7.52 (t, 
IH), 6.77 (s, 2H), 3.89-4.03 (q, 2H), 3.65-3.75 (quin, 2H), 3.43-3.53 (m, 2H), 3.28-3.41 
(m, IH), 3.17-3.23 (m, IH), 2.73-2.84 (q, 2H), 2.19-2.30 (m, 2H), 2.19-2.30 (m, IH), 
1.98-2.14 (m, IH), 1.10-1.15 (t, 3H); MS: [M+H] = 273. 

20 Example lSE;r3.S^-iV-Pr opvl-iV-ir2-(trifluoromethvnphenvnmethvl>-pvrrolidin-3- 
amine fnmarate 

'H NMR (300 MHz, CD3OD) 5h: 7.92-7.94 (d, IH), 7.60-7.69) d+t, 2H), 7.40-7.45 (t, 
IH), 6.69-6.73 (s, 2H), 3.82-3.98 (q, 2H), 5.59-3 .69(quin, IH), 3.35-3.45 (m, 2H), 2.80- 
3.21 (m, IH), 3.08-3.15 (m, IH), 2.54-2.59 (q, 2H), 2.10-2.21 (m, IH), 1.90-2.06 (m, 
25 IH), 1 .44-1.56 (quin, 2H), 0.86-0.91 (T, 3H); MS: [M+H) = 287. 
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Example 16E; f3.S^- Ar-fCVclohe»vlmethvn-jV-ir2-ftrifluoromcthvn- 
phenvl1methvl>pvrrolidm-3-amme fiimarate 

NMR (300 MHz. CD3OD) 5h: 77.89-7.92 (d, IH), 7.61-7.70 (d+t, 2H), 7.41-7.49 
(t, IH), 6.70 (s, 2H), 3.81-3.95 (q, 2H), 3.56-3.67 (quin, IH), 3.31-3.43 (m, 2H), 3.14- 
5 3.23 (m, IH), 3.04-3.11 (m, IH), 2.39-2.41 (d, 2H), 2.06-2.13 (m, IH), 1.70-2.01 (m, 
6H), 1.34-1.46 (m, IH), 1.12-1.23 (m, IH), 0.83-0.89 (m, 2H); MS: [M+H] = 341. 

Example 17E: f3iSVJV-Batvl-jV-f r2-(trmnoromethvnphenvl1inethvn-pvrroMdiii-3- 
amine famaratft 

^H NMR (300 MHz. CD3OD) 5h: 7.91-7.94 (d, IH), 7.60-7.69 (m, 2H), 7.40-7.45 (t, 
10 IH), 6.70 (s, 2H), 3.82-3.96 (q, 2H), 3.59-3.69 (quin, IH), 3.32-3.50 (m, 2H), 3.22-3.29 
(m, IH), 3.09-3.15 (q, IH), 2.58-2.63 (t, 2H), 2.10-2.21 (m, IH), 1.90-2.04 (m, IH), 1.42- 
1.51 (m, 2H), 1.17-1.37 (m, 2H), 0.87-0.91 (t, 3H); MS: |M+H] = 301. 

Example ISE; (35:^- A^-(2-Ethvlbutvn-JV-ir2-ftrifluoromethvnphenvll- 
metliYl}pYrmH«*''»-3-amiii ftSesauiftimarate 

15 'HNMR (300 MHz, CD3OD) §«: 7.77-7.80 (d, IH), 7.49-7.60 (m, 2H), 7.29-7.34 (t, 
IH), 6.60 (s, 1.5H), 3.70-3.81 (q, 2H), 3.46-3.57 (quin, IH), 3.20-3.33 (m, 2H), 2.94-3.13 
(m, 2H), 2.32-2.34 (d, 2H), 1.97-2.07 (m IH), 1.78-1.91 (m, IH), 1.05-1.40 (m, 5H), 
0.69-0.76 (m, 6H). MS: [M+Hj = 329. 



20 Example 19 E; r35^-JV-f r2-frrifluorometlivftphenvllmethvU-JV-(33^- 
triflporopropv npYrrolidii i-3-anniiift famarate 

^H NMR (300 MHz, CD3OD) 5h: 7.76-7.78 (d, IH). 7.50-7.60 (d+t, 2H), 7.32-7.37 (t, 
IH), 6.58 (s, 2H), 3.75-3.89 (q, 2H), 3.48-3.59 (quin, IH), 3.126-3.22 (m, IH), 2.98-3.05 
(dd, IH), 2.75-2.80 (t, 2H), 2.18-2.34 (m, 2H), 2.02-2.13 (m, IH), 1.80-1.93 (m, IH); 
25 MS:PV1+H1 = 341. 
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TCT^amnle 20Et f3.y>-JV-^uran-2-vlmethvIWy-ir2-^trifluoromethvnDhenvn- 
methvBDvrrolidm-3-amiae J-tartrate 

^HNMR (300 MHz, CD3OD) 8h: 7.83-7.86 (d, IH), 7.49-7.58 (t+s, 2H), 7.29-7.38 
5 (m, 2H), 6.23-6.26 (m, IH), 6.14-6.15 (m. IH), 4.30 (s, 2H), 3.78-3.91 (q, 2H). 3.66-3.67 
(m, 2H), 3.25-3.55 (m, 3H), 2.30-3.17 (m, 2H), 2.05-2.16 (m, IH), 1.83-1.96 (m, IH); 
MS: [M+m = 325. 

Example 21E: (3.y^-jV-T3-(Methvlthio^propvll-iV-(r2-(trifluoromethvn- 
10 phenvllmethvllpvrrolidin-3-amineD-tartrate 

^H NMR (300 MHz, CD3OD) 8h: 7.90-7.92 (d,lH), 7.61-7.70 (d+t, 2H), 7.41-7.46 (t, 
IH), 4.42 (s, 2H), 3.84-3.97 (q, 2H), 3.59-3.69 (quin, IH), 3.38-3.47 (m, 2H), 3.19-3.29 
(m, IH), 3.09-3.16 (m, IH), 2.70-2.77 (dt, 2H), 2.48-2.52 (t, 2H), 2.08-2.21 (m, IH), 
15 1.89-2.08 (s4in, 4H), 1.69-1.79 (quin, 2H); MS: [M+H] = 333. 

Example 22E; ■?V-(Phenvlinethvn-iV-[(35^-pvrrolidip-3-vl1-iV-(r2- 
f trifluoromethvDphenvll methyl) amine f umarate 

20 ^H NMR (300 MHz, CD3OD) 8h: 7.93-7.96 (d, IH), 7.60-7.68 (q, 2H), 7.23-7.44 (m, 

6H), 6.69 (s, 2H), 3.83-3.94 (s,2H); 3.61-3.80 (m, 3H), 3.32-3.44 (m, 2H), 3.08-3.25 (m, 
2H), 1.99-2.22 (m, 2H); MS: [M+H] = 335. 

Example 23E; (3^-JV-(F2-(Methvloxv^phenvnmethvU-JV-(r2- 
(trifluoromethvnphenvl1methvKpviTolidin-3- aniine famarate 

25 ^H NMR (300 MHz, CD3OD) 6h: 7.85-7.87 (d, IH), 7.61-7.64 (d, IH), 7.52-7.58 (t, 

IH), 7.21-7.40 (m, 3H), 6.81-6.97 (m, 2H), 6.69 (s, 2H), 3.61-3.97 (m, 8H), 3.16-3.44 (m, 
4H), 1.20-2.21 (m, 2H); MS: [M+H] = 365. 
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F.Tam ^le24E:(35r>-ArjV-bisl[2-rrrifluoromethvn phenvllmetbvn-DViToM^^^ 
famarate 

^HNMR(300 MHz. CD3OD) 6h: 7,90-7.92 (d, 2H), 7.66-7.69 (d, 2H),7.59-7.64 (t, 
2H), 7.40-7.45 (t, 2H), 6.69 (s. 2H), 3.91 (s, 4H), 3.62-3-74 (quin, IH). 3.36-3.46 (m, 
5 2H), 3.16-3.26 (m, 2H), 2.02-2.24 (m, 2H); MS: [M+H] = 403. 

The followii^ examples illustrate compounds of of Fonnulae (IF) above and 
methods for their preparation. 

10 Preparation of Intermediates 

1 .1 -Dimethvlethvl (35^-3-aminopiperidiD e-l-carboxvlate 

e) 1,1-Dimethylethyl (3if)-3-hydroxypiperidine-l-carboxylate 
1 5 Solid dircrt-butyldicarbonate (26.6g, 122mmol) was added in portions over 15 
minutes to a stirred solution of (3J2)-piperidin-3-ol hydrochloride (15.25g, 1 1 Immol), 
triethylamine (30.9mL, 222mmol) and 4-(dimethylamino)-pyridine (SOmg) in dry 
dichloromethane (300mL). After stirring for 18 hours at room temperature, the mixture 
was washed with aqueoxis citric acid, then brine. The organic extracts were dried 
20 (MgS04), filtered and evaporated mvacMO to give an oil. This was purified by flash 

chromatography on silica, elutmg with ethyl acetate/cyclohexane (20:80 to 80:20), to give 
the title compound as a solid. 

f) l,l-Dimethylethyl(3iJ)-3-[(methylsulfonyl)oxy]-piperidine-l-carboxylate 
25 Methanesulfonyl chloride (9.56mL, 124mmol) was added dropwise over 1 0 minutes 

to a stirred solution of 1,1-dimethylethyl (3ii)-3-hydroxypiperidine-l-carboxylate (20.7g, 
103mmol) and triethylamine (21.5mL, 154mmol) in dichloromethane (300mL) at 0°C. 
After stirring for 3 hour at 0**C, the reaction was quenched by addition of water. The 
organic phase was washed with brine, dried (MgS04), filtered and evaporated in vacuo to 
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give an oil. This was purified by flash chromatography on silica, eluting with ethyl 
acetate/cyclohexane (20:80 to 50:50), to give the title compound as an oil, 

g) 1,1-Dimethylethyl (3iS)-3-a2idopiperidine-l-carboxylate 

5 Sodium azide (7.65g, USmmol) was added to a solution of 1,1-dimethylethyl (3jR)-3- 

[(methylsulfonyl)oxy]-piperidine-l-carboxylate (21. 9g, 78.5mmol) in dry 
dimethylformamide (120niL) and the resultant suspension heated at 70^C for 48 hours. 
After cooling to room temperature, the reaction mixture was diluted with water and 
extracted into ethyl acetate. The organic phase was washed two fiirther times with water, 

10 then brine. The organic extracts were dried (MgS04), filtered and evaporated in vacuo to 
give an oil. This was purified by flash chromatography on silica, eluting with ethyl 
acetate/cyclohexane (10:90 to 50:50), to give the title compound as an oil. 

h) 1,1-Dimethylethyl (3iS)-3-aminopiperidine-l-carboxylate 

15 A mixture of 1,1-dunethylethyl (3iS)-3-a2idopiperidine-l-carboxylate (7.5g) and 10% 
palladium-on-carbon (0.75g) in methanol (lOOmL) was hydrogenated in a Parr apparatus 
at 70 p.s.i. for 16 hours. The catalyst was removed by filtration through Celite and the 
solvent evaporated in vacuo to give an oil. The resultant title compound was used in 
subsequent reactions without fiarther purification. 

20 

l-fBromomethvlW-flaoro-lA^-biphenvl 

a) Methyl 5-fluoro-2-{ [(trifluoromethyl)sulfonyl]-oxy}benzoate 

5-Fluorosalicylic acid methyl ester (28. 2g, 166mmol) was dissolved in dry 

25 dimethylformamide (1 65mL) and stirred as sodium hydride (60% in oil) (7.30g, 1 . 1 eq) 
was added porfionwise over 30 mins at 0°C. The reaction mixture was stirred for a further 
30 mins at room temperature, then iV-phenyl trifluoromethanesulfonimide (62.8g, 1 .05eq) 
was added in portions over 3 0 mins, then left to stir for 3 hours. The mixture was diluted 
with diethyl ether and washed successively with water, then brine. The organic layers 

30 were combined, dried (MgS04), filtered and the solvent removed in vacuo. The resulting 
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oU was purified by flash chromatography on siUca, eluting with ethyl acetate/cyclohexane 
(10:90 to 40:60), to give the title compound as an oil. 

b) Methyl 4-fluoro-[l,r-biphenyl]-2-carboxylate 

5 Palladium acetate (635mg, O.OSeq), tricyclohexyl-phosphine (952mg, 0.06eq), 

potassium fluoride (10.85g, 3.3eq) and phenyl boronic add (7.6g, l.leq) were taken iq? in 
dry THF (150mL) and tihie reaction mixture flushed with nitrogen for 5 mins. A solution 
of methyl 5-fluoro-2-{[(trifluoromethyl)sulfonyl]oxy}benzoate (17.12g, 56.7 mmol) in 
THF (20mL) was added in one portion and the reaction mixture stirred at reflux under 

10 nitrogen for 5 hours. The reaction mixture was cooled to room temperature, diluted with 
ethyl acetate, then washed with water, dried (MgS04), filtered and the solvent removed in 
vacuo. The resulting oil was purified by flash chromatography on silica, eluting with 
ethyl acetate/cyclohexane (3:97 to 10:90), to give the title compound as an oil. 

15 c)(4-Fluoro-[l,l'-biphenyl]-2-yl)me1hanol 

A solution of methyl 4-fluoio-[l,l'-biphenyl]-2-carboxylate (3g, 13.1mmol) mTHF 
(20mL) was added at O^C to a suspension of lithium aluminium hydride pellets (Ig, 
26mmol) in THF (SOmL). Upon addition the reaction mixture was heated at 60°C under 
nitrogen for 2 h. The reaction was then cooled to 0*'C and the excess lithium aluminium 

20 hydride destroyed by adding water, then IN sodium hydroxide (2mL). The mixture was 
extracted into diethyl ether and the organic phase was dried (MgS04), filtered and the 
solvent removed in vacuo. The resulting oil was purified by flash chromatography on 
siHca, eluting with etiiyl acetate/heptane (2:98 to 25:75), to give tiie titie compound as an 
oil. 

25 

d)2-(Bromomethyl)-4-fluoro-l,l'-biphenyl 

Triphenylphosphine dibromide (35.5g, 2eq) was added in one portion to a solution 
of (4-fluoro-[l,l'-biphenyl]-2-yl)methanol (8.5g, 42mmol) in chloroform (250mL). The 
reaction mixture was heated at 60°C and left to stir overnight. The solid was filtered off 
30 and the solvent removed in vacuo. The resulting oil was purified by flash chromatography 
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on silica, eluting with ethyl acetate/cyclohexane (0:100 to 30:70), to give the title 
compound as an oil. 



Example IF: (351-A^-(2-MethvIpropvlVjV-(f2-ftrifluoromethvlV 
5 phenvllmethvUpiperidin-3-amine^ fumarate . 

a) 1,1-Dimethylethyl (3S)-3K{[2-(trifluoromethyl)-phenyl]methyl}amino)piperidinerl- 
carboxylate 

1,1-Dimethylethyl (35)-3-aminopiperidine-l -carboxylate (l.Og, 5mmol), 2- 
10 trifluoromethylbenzaldehyde (0,87g, 5mmol), 5% palladimn on carbon (035g) and 
ethanol (40mL) were hydrogenated at 60psi for 2.5 h. using a Parr hydrogenator. The 
catalyst was filtered off and the filtrate evaporated in vacuo. The resultant oil was 
purified by flash chromatography on silica, eluting witii ethyl acetate/cyclohexane (0:100 
to 75:25), to give the title compoimd as an oil. 

15 

b) 1,1-Dimethylethyl (35)-3-((2-methylpropyl){[2- 
(trifluoromethyl)phenyl]methyl} amino)piperidine- 1 -carboxylate 

Sodium triacetoxyborohydride (0.23g, l.OSimnol) was added to a stirred solution of 
1 ,1 -dimethylethyl (3 S)-3 -({ [2-(trifluoromethyl)phenyl]methyl}amino)piperidm^^ 

20 carboxylate (0.19g, 0.53n2mol), isobutyraldehyde (0,12g, 1.6mmol)and 1,2- 

dichloroethane (5mL). After stirring imder nitrogen at room temperature for 1 day, the 
reaction mixture was diluted with methanol (6mL) and absorbed onto a cationic ion 
exchange resin (Isolute ™ SCX-2). After washing the cartridge with methanol (25mL), 
the basic components were isolated by elution with 2N ammonia in methanol and the 

25 eluate evaporated to give an oil. 



c) (3S)-iV-(2-Methylpropyl)-iV-{[2<trifluoromethyl)-phenyl^^ 
ftimarate 

1,1-Dunethylethyl (3S)-3-((2-methylpropyl){[2- 
30 (trifluoromethyl)phenyl]methyl}amino)piperidme-l -carboxylate (0.139mg, 0.335mmol), 
trifluoroacetic acid (4mL) and dichloromethane (lOmL) were stirred at room temperature 
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for 1 day. The solution was evaporated in vacuo to give an oil, which was redissolved m 
methanol and filtered throu^ a cationic ion exchai^ resin (Isolute ™ SCX-2). The basic 
components were isolated by elution with 2N ammonia in methanol. The eluate was 
evaporated in vacuo and the resultant oil converted to the finnaxic acid salt (crystallisation 
5 from ethanol/ether), to give the title compound as a white solid. NMR (300MHz, 
CD3OD): 8h 7.77-7.74 (d, H), 7.51-7.43 (m, 2H), 7.25-7.22 (t, IH), 4.23 (s, 2H), 3.79- 
3.66 (q, 2H). 3.21-3.08 (m, 4H), 2.83-2.61 (m, 3H), 2.28-2.10 (m, 2H), 1.90-1.82 (m, 
2H), 1.59-1.37 (m, 3H), 0.77-72 (t, 6H); MS: (M+H) = 315. 

10 The following Examples were similarly prepared as described above for Example IF, by 
reductive alkylation of 1,1-dimethylethyl (35)-3-({[2-(trifluoromethyl)- 
phenyl]methyl}amino)piperidine-l-carboxylate with the appropriate aldehyde or ketone, 
and subsequent deprotection: 

15 TTTftifinle 2F: f35:^-JV-(3.3-PimeflivlbntvlVj>r-«2-(trifl iioromethvn- 
phenvllmethvUpiperidm-3-amine..D-tartrate 

^HNMR (300MHz, CD3OD): 8h 7.79-7.86 (d, IH), 7.47-7.56 (m, 2H), 7.27-7.32 (t, 
2H), 4.30 (s, 2H), 3.73-3.84 (t, 2H), 3.16-3.28 (m, 2H), 2.71-2.89 (m, 3H), 2.47-2.52 (t, 
2H), 1.84-1.97 (m, 2H), 1.47-1.63 (m, 2H). 1.22-1.33 (m, 2H), 0.75 (s, 9H); MS: [M+H] 

20 = 343. 

F.vainnle3F: f3^-iV-CVclohexvl-JV-fr2-(trifl noromethvnphenvl]-methvnpiperidm-3- 
amine. D-tartrate 

^HNMR (300MHz, CD3OD): 5h 7.88-7.91 (d, IH), 7.51-7.58 (m, 2H), 7.29-7.34 (t, 
25 IH), 4.29 (s, 2H), 3.68-3.83 (q, 2H), 3.43-3.50 (m, IH), 3.08-3.27 (m, IH), 2.87-3.00 (m, 
2H), 2.39-2.45 (dd, IH), 2.22-2.29 (dd, IH), 2.22-2.16 (m, 2H), 1.76-1.90 (m, 2H), 1.58- 
1.62 (m, IH), 1.27-1.41 (m, 2H), 1.08-1.22 (m, 2H), 0.97-1.03 (IH), 0.63-0.74 (m, 4H); 
MS: [M+H] = 341. 
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y^^m plp4F:f35^-iV-(f5-^^^loro-2-(trifl .lnrnmethvnphenvl]methyl^^-tetrahyd^ 
7.iy-pvran-4-vlPiperidip-3-amine. L-tartrate 

5 a) 1,1-Dimethylethyl (35)-3<tetrahydro-2H-pyran-4-ylainiiio)piperidine-l -carboxylate 
14-Dimethyle%l<35)0-aminopiperidine-l-carboxylate (2g, llmmol), 4H- 
tetrahyclropyran-4-one (1 .Ig, 1 Immol) and dichloroethane (40mL) were stirred under 
nitrogen at room ten^rature for 15 min. Sodium triacetoxyborohydride (2.9g, 14mmol) 
was added in 3 lots over 30 minutes and stirred overnight The reaction was diluted with 

10 water (50mL) and made basic by addition of 2N NaOH ^lution. After stirring for Ih, the 
mixture was extracted into dichloromefliane, and tiie combined organic extracts washed 
with brine, dried (MgS04), filtered and evaporated in vacuo to give the titie compound as 
an oil. 

15 b)(3S)-i\^-{[5-Fluoro-2<trifluorometixyl)phenyl]metiiyl}-iV-tetrahydro-2H-pyran-^ 

ylpiperidia-3-amine, £-tartrate 

14-Dimethylethyl(3S)-3-(tetrahydro-2if-pyran-4-ylainino)piperidine-l-carboxylate 

was reductively alkylated witii 5-fluoro-2-(tiifluoromethyl)benzaldehyde, then 
deprolected and crystaUised as its L-tartrate salt as described above for Example 1 b) and 
20 c). to give the titie compound. ^HNMR (300MHz, CD3OD): 6h 7.74-7.75 (m, 2H), 7.05- 
6.98 (t, IH), 4.50 (s, 2H), 3.99-3.85 (m. 4H), 3.43-2.58 (m, 8H), 2.02-1.42 (m, 8H); MS: 
[M+H] = 361. 

The following Examples were similarly prepared as described above for Example 
25 4F, by reductive alkylation of 1,1-dimetiiyletiiyl (3S)-3-(tetrahydro-2ff-pyran-4-ylamino)- 
piperidine-l-carboxylate witiitiie appropriate benzaldehyde, and subsequent deprolection: 
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Tr.^am plej>F;f3S>rA/-rf2-ailoro-5-flnoroDhenv nmethvl1-JV-tetra^ 
Ylpiperidiii-3-ainme. 1,-tartrate 

^HNMR (300MHz, CD3OD): Sh 7.32-7.24 (m, 2H), 6.92-6.85 (t,lH), 4.30 (s, 2H). 
3.90-3.84 (m, 4H), 3.32-3.17 (m, 4H), 3.08-2.97 (m, IH), 2.85-2.67 (m. 3H), 1.98-1.82 
5 (m, 2H), 1.73-1.82 (m,2H), 1.73-1.46 (m, 6H); MS: [M+H] = 327/329. 

Tr.xamnle6F;f35VJV-aiA'-Biphenvl1-2-vlmethvr >-Ar..tetrahvdrn-2g-pvraii-4- 
yipi peridm-3-ainme. sesam-I.-tartrate 

^HNMR (300MHz, CD3OD): 8h 7.51-7.48 (d, IH), 7.35-7.17 (m, 7H), 7.08-7.05 (d, 
10 IH), 3.30 (s, 1.5H), 3.79-3.74 (dd, 2H), 3.69 (s, 2H), 3.25-3.10 (m, 9H), 3.20-3.09 (m, 
2H), 2.91-2.77 (m, 2H), 2.66-2.51 (m, 3H); MS: [M+H] = 351. 

F.Tam ple 7F: f35^JV-K2-ChIoronhenvnmethvn-JV-tetra hY'^^»-^^-P^^-^ 

Ylpi pgridin-3-amiiie. ■Z>-tartrate 

1 5 ^HNMR (300MHz, CD3OD): 5h 7.52-7.49 (d, IH), 7.26-7.87 (m, 3H), 4.30 (s, 2H), 

3.92-3.80 (tn, 4H), 3.16-2.34 (m, 4H), 2.92-2.05 (m, IH), 2.90-2.66 (m, 3H), 1.93-187 
(m, 2H), 1.68-1.39 (m, 6H); MS: [M+H] = 309/311. 



Kxamnle 8F; (35^-JV-Tetrahvdr o-2g-pvran-4-vl-jV-n2- 
20 ftrifluoromethvnphenvllmethvnp iperidm-3-ainlne.D-tartrate 

^HNMR (300MHz, CD3OD): 8h 7.98-7.95 (d, IH), 7.71-7.62 (q, 2H), 7.47-7.42 (t, 
IH), 4.44 (s, 2H), 4114-3.98 (m, 4H), 3.43-3.29 (m, 4H), 3.11-2.82 (m, 4H), 2.06-2.03 (m, 
2H), 1.82-1.66 (m, 6H); MS: [M+H] = 343. 
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F.xamnlc9F!r35:>-JV-CVclOPcntvl-JV-(r2-ftH flnnrometfavnphenvn 
:^-amine. JL-tartrate 

a) 1,1-Dimethylethyl (35>-3<cyclopentylammo)-piperidine-l-carboxylate 

1,1-Dimethylethyl (35)-3-aminopiperidine-l-carboxylate (2.1g, lO.Smmol), 
cyclopentanone (4.65mL, 52.5mmol), and 10% paUadium on carbon (0:2g) in methanol 
(80mL) were hydrogenated at 60psi overnight in a Parr hydrogenator. The catalyst was 
filtered off and Uie filtrate evaporated in vacuo. The resultant oil was purified by flash 
chromatography on siUca, eluting with ethyl acetate/cyclohexane (15:85 to 30:70), to give 
the title compound as an oil. 



10 



b) 1,1-Dimethylethyl (35)-3-(cyclopentyl{[2- 
(trifluoromethyl)plienyl]methyl}amino)piperidine-l-carboxylate 

1,1-Dimethylethyl (3S)-3-(cyclopentylamino)-piperidine-l-carboxylate (155mg, 
0.577mmol), 2-(trifluoromethyl)benzyl bromide (O.lOSmL, 1.2eq) and anhydrous 

15 potassium carbonate (128mg, 1 .6eq) in acetonitrile (3mL) were heated at refluxed under 
nitrogen for 2 days. The reaction mixture was cooled to room temperature, diluted with 
ethyl acetate and washed with water, then brine. The organic extracts were dried 
(MgS04), filtered and evaporated in vacuo. The resulting oU was purified by flash 
chromatography on silica eluting with ethyl acetate/cyclohexane (0:100 to 30:70), to give 

20 the title compound as an oil. 

c) (3S)-Ar-Cyclopentyl-iV-{[2-(trifluoromethyl)phenyl]-methyl}piperidin-3-amine,L- 
tartrate 

1,1-Dimethylethyl (3S)-3-(cyclopentyl{[2-(trifluoromethyl)phenyl]methyl} 
25 aniino)piperidine-l-carboxylate (160mg, 0.38mmol), trifluoroacetic acid (O.SmL) and 
dichloromethane (2mL) were stirred at room temperature overnight. The solution was 
evaporated in vacuo to give an oU, which was redissolved in methanol and filtered 
through a cationic ion exchange resin asolute ™ SCX-2). The basic components were 
isolated by elution with 2N ammonia in methanol. The eluate was evaporated in vacuo 
30 and the resultant oil converted to the I-tartaric acid salt (fireeze drying firom 
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acetonitrileAvater 1:1), to give the title compound as a wiiite soUd. NMR (300MHz, 
CD3OD): 5h 7.89-7.86 (d. IH), 7.54-7.46 (m, 2H), 7.30-7.25 (t. IH). 4.34 (s. 2H), 3.90- 
3.78 (q, 2H), 3.30-3.18 (m, 4H), 3.05-2.87 (m, IH), 2.81-2.59 (m, 2H). 1.95-1,79 (m, 
2H), 1.68-1.30 (m, 9H); MS:'lM+H] = 327. 

5 

The foUowing Examples were similarly prepared as described above for Example 9F, 
by reaction of 1,1-dimethylethyl (3i?)-3-(cyclopentylamino)piperidine-l-carboxylate with 
the appropriate beitzyl bromide and subsequent deprotection: 

10 Fv^mnle 10F: G5>-^-(n .1 '-Biphc n vll-l-vlmethyn^AT-rvclopentvl-piperidi^^^^ 
1,-tartrate 

NMR (300MHz, CD3OD): 5h 7.57-7.55 (d, IH), 7.35^7.13 (m, 7H), 7.06-7.03 
(d, IH), 4.30 (s, 2H), 3.58 (s. 2H), 3.12-2.98 (m. 3H), 2.82-2.73 (m, IH), 2.65-2.42 (m, 
2H), 1.79-1.75(m, IH), 1.69-1.65 (m, IH), 1.53-1.19(m, lOH); MS: [M+H] = 335. 



15 



20 



25 



TTx^mnle 1 1F: nV^-AT-Cvclopep ^Y^-AUf^-fliioro-l ^1 '-hmheiivn-2-ylmethvlVpiperidiii- 

3-amme^ .L-tartrate 

^HNMR (300MHz, CD3OD): 6h 7.35-7.24 (m, 4H), 7.18-7.15 (m, 2H), 7.09-7.04 
(m, IH), 6.92-6.85 (m, IH), 4.28 (s, 2H), 3.55 (m, 2H), 3.22-3.06 (m, 3H), 2.82-2.77 (m, 
IH), 2.68-2.58 (m. 2H). 1.88-1.68 (m, 2H), 1.57-1.19 (m. lOH); MS: [M+H] = 353. 

ir.^«ninle 12 Ft (35^-Ar-rretrahvdrofur? >ti-^-ylniethvlVjV-(r2- 

(trifluoromethvnphenvllro fithvUmDeridi"-^-aniine.I.-tartrate 

a) 1,1-Dimethylethyl (3S)-3-[(tetrahydrofuran-3-yhnethyl)amino]piperidine-l- 

carboxylate 

To 5% palladium on carbon (0.05g) under nitrogen was added a solution of 1,1- 
dimethylethyl-(3S)-3-aminopiperidine-l-carboxylate (0.50g, 2.5mmol) and 
tetrahydrofuran-3-carboxaldehyde (50%X in water) (0.50g, 2.5mmol) in ethanol 
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(20inL). The reaction mixture was hydrogenated overnight at 60psi in a Parr 
hydrogenator. The catalyst was removed by filtration through Celite and the solvent 
. removed in vacuo to give 1,1-dimethylethyl (3S)-3-[(tetrahydrofuran-3- 
yhnefliyl)amino]piperidine-l-carboxylate as a colourless, sUghtly cloudy oU. 

5 

b)(3S)-JV-(TetrahydrofuranO-yhnethyl)-JV-{[2-(trifluoromethyl)phe^^^^ 

3-amine, L-tartrate 

To a solution of 1,1-dunethylethyl (3S)-3-[(tetrahydrofijran-3- 
ylmethyl)amino]piperidine-l-carboxylate (0.67g, 2.36 mmol) m 1,2-dichloroethane (15 
10 mL) was added 2-(trifluoromethyl)benzaldehyde (0.93mL, 7.07mmol). To this mixture 
was added a solution of sodium triacetoxyborohydride (l.SOg, T.OTmmol) in 
dimethylformamide (3 mL) and left to stir under nitrogen, at room temperature, over the 
weekend. To the reaction mixture was added water (1 0 mL) and the solution stirred 
vigorously for several minutes. The chlorinated organic layer was absorbed directly onto 
15 a siHca column and Ihe product eluted with methanol/ethyl acetate (0:100 to 30:70). The 
resultant pale yellow oil was taken up in methanol and absorbed onto a cationic ion 
exchange resin (Isolute ™ SCX-2). After washing the cartridge with methanol (25mL). 
the basic components were isolated by elution with 2N ammonia in methanol and the 
eluate evaporated to give 1,1-dimethylethyl (35)-3-{(tetrahydrofuran-3-yhnethyl) {[2- 
20 (trifluoromethyl)-phenyl]methyl>amino}piperidine-l-cafboxylate as a colourless oU. 

To a solution of this oil (0.82g, 1.85mmol) in dichloromethane (10 mL) was added 
trifluoroacetic acid (2.06mL, 27.8mmol). The reaction mixture was stirred overnight at 
room temperature, then the solvent removed in vacuo. The resulting oU was taken up in 
methanol and absorbed onto a cadonic ion exchange resin asolute ™ SCX-2). After 
25 washing the cartridge with methanol (50mL), the basic components were isolated by 
elution with 2N ammonia m methanol The eluate was evaporated in vacuo to give a 
colourless oU. The diastereomers were separated by hplc (Chiralpak AD-H column; 98% 
heptane, 2% ethanol and 0.2% diethylamine). The faster eluting isomer was taken up in 
methanol and to this was added a solution of I-tartaric acid (0.046g, 0.31 mmol) in 
30 methanol. Solvent was removed in vacuo and the resulting oU triturated with diethyl 
ether. Filtration of the resultant suspension gave the title compound as a white soUd. 
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^HNMR (300MHz, CD3OD): 5h 7.75 (IH, d), 7.58-7.50 (2H, m), 7.34-7.29 (IH, m), 
4.30 (3H, s), 3.83 (2H, s). 3.70-3.53 (3H, m), 3.42-3.31 (2H, m), 3.16 (IH, m), 2.90-2.67 
(3H, m), 2.54-2.34 (2H, m), 2.34-2.20 (IH. m), 1.95-1.84 (3H, m), 1.63-1.45 (3H, m); 
MS: [M+H] = 343. 

5 

The following Examples were prepared fix)m racemic 1,1-dimethylefhyl 3- 
aminopiperidine-l-carboxylate, as described above in Example IF: 

ir.iriiifin1e 13F: JV-(r2-fiVIethvloxv^p hcnvnmethvK-JV-(f2- 
10 (trifluoromethvftphenvllmeflivBDip eridm-3-amine 

^HNMR (300MHz, CDCI3) 6h 8.04-7.95 (d, IH), 7.57-7.54 (d, IH), 7.48-7.44 (m, 
2H), 7.28-7.11 (m. 2H), 6.93-6.88 (t, IH), 6.83-6.80 (d, IH), 3.94-3.86 (d, 2H), 3.20-3.18 
(d, IH), 2.94-2.90 (d, IH), 2.68-2.55 (m, 2H), 2.49-2.40 (dt, IH), 2.08-2.04 (d, IH), 1.76- 
1.72 (d, IH), 1.52-1.25 (m, 4H); MS: [M+H] = 379. 

15 

TCTamplel4F: jV-Cvclohexvl-N-fr2-(triflnor omethvnphemvnmethvK-piperidm^ 
amine 

^HNMR (300MHz, CDCI3) 5h 8.01-7.93 (d, IH), 7.59-7.56 (d, IH), 7.51-7.46 (t, 
IH), 7.30-7.19 (m, IH), 3.91 (s, 2H), 3.15-3.11 (d, IH), 3.02-2.98 (d, IH), 2.88-2.80 (d, 
20 IH), 2.55-2.41 (m, 3H), 1.93-1.01 (m, 14); MS: [M+H] = 341. 

F.itamnle ISFt iV-nPhenvlmetfavn-Ar-n2-ftriflu oriimethvRphenvll-methvl}piperidm-3- 
amine 

^HNMR (300MHz, CDCI3) 6h 7.93-7.96 (d, IH), 7.55-7.61 (d, IH), 7.47-7.51 (t, 
25 IH), 7.18-7.35 (m, 6H), 3.77-3.90 (q, 2H), 3.64-3.74 (q, 2H), 3.17-3.20 (d, IH), 2.91-2.95 
(d, IH), 2.53-2.67 (m, 2H), 2.39-2.48 (dt, IH), 1.97-2.06 (d, IH), 1.22-1.82 (m,3H); MS: 
[M+H] = 349. 



FT>ininlet<>Ftf3^JV-(2-Methvlpropvn-JV-ir2- ^trifluoromethvnphepv«-inethvn-l- 
30 azabicvclof2.2.21octeu« -3-aiiiincT!eftsqiiiftimaratfe 
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a) (3S)-A^-{[2-(Trmuoromethyl)phenyl]methyl}-l-azabicyclo[2.2.2]octan-3-amin 

Sodium triacetoxyborohydride (18.7g, 88.3inmol) was added portionwise over 20 
min. to a stirred solution of (3S)-l-azabicyclo[2.2.2]octan-3-anmie dihydrochloride (5g, 
5 25.1nimol) and 2-trifluoromefliylbenzaldeliyde (4.81g, 27.6mmol) in DMF (lOOmL). 
After stirring under nitrogen for 4 days, the mixture was dilvited with excess watCT, 
basified with 2N sodium hydroxide and stkred for Ih. The product was extracted into 
dichloromethane and evaporated in vacuo to give an oil, which was dissolved m 2N 
hydrochloric acid. After washing with ether, the aqueous phase was basified with 2N 
10 sodium hydroxide and extracted with dichloromethane. The organic phase was dried 
(MgS04) and evaporated in vacuo to give an oiL ^HNMR (300 MHz, CD3OD) 5h: 7.62- 
7.69 (t, 2H), 7.50-7.55 (t. IH), 7.32-7.37 (t, IH), 3.83-3.96 (q, 2H), 3.1-3.19 (m, IH), 
2.72-2.93 (m, 5H), 2.42-2.49 (m, IH), 1.85-1.95 (m, IH), 1.63-1.73 (m, IH), 1.32-1.53); 
MS: [M+H]= 285. 

15 

b) (3S)-JV-(2-Methylpropyl)-7/-{[2-(trifluoromethyl)-phenyl]methyl}-l- 
azabicyclo[2.2.2]octan-3-amine, sesquifiimarate 

(35)-iV-{[2-(Trifluoromethyl)phenyl]methyl}-l-azabicyclo[2.2.23octah-3-amine 
(0.30g, 1.06mmol), isobutyraldehyde (0.152g, 2.1mmol) and 1,2-dichloroethane (6mL) 
20 were stirred under nitrogen at room temperature for 15 min. Sodium 

triacetoxyborohydride (0.492g, 2.32mmol) was added in two lots over 5 min. TLC after 1 
day showed tihe reaction to be incomplete, so additional sodium triacetoxyborohydride 
(0.24g, 1.15mmol) was added and the mixture heated at 50°C for 5 days. After cooling to 
room temperature, meHianol was added and the mixture was stirred for Ih. This solution 

25 was filtered through a cationic ion Kcchange resin (Isolute ™ SCX-2) and the basic 

fractions isolated by elufion with 2N ammonia in methanol to ^ve, after evaporation in 
vacuo, an oil. The crude product was purified using preparative LCMS to give the 
product as an acetate salt, which was converted to the free base using cationic ion 
exchange resin as described above. The free base was converted to the fumarate salt, to 

30 give the titie compound as a white solid from ethanol/diethyl ether. ^HNMR (300 MHz, 
CD3OD) 5h: 7.88-7.91 (d, IH), 7.51-7.58 (m, H), 7.30-7.35 (t, IH), 6,60 (s, 3H), 3.71- 
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3.85 (q, 2H), 3.42-4.50 (m, IH), 2.88-3.26 (m, 6H), 2.25-2.39 (m, IH), 2.09-2.23 (m, 
3H), 1.74-1.91 (m, 2H). 1.42-1.63 (m, 2H), 0.78-0.83 (t, 6H); MS: [M+H] = 341. 

The following Examples were amilarly prepared as described above for Example 
5 16F, fiom (35>Ar-{[2-(trm\ioromethyl)phenyl]rnefhyl}-l-azabicyclo-[2.2.2]octan-3-anim 

and tiie appropriate substituted bmzaldebyde: 

V.x^m jAe 1 7F: f3^-jV-f f l.l»-BiDhenvll-2-vlmethvl VjV-f2-methvlproPYlVl- 
azabicvclo[2.2.21octan-3-amme.Z)-tartrate 
10 ^HNMR (300 MHz, CD3OD) 5h: 7.50-7.47 (d, IH), 7.38-7.18 (m, 7H), 7.09-7.06 

(dd, IH), 4.29 (s, 2H), 3.58-3.54 (d, IH), 3.43-3.39 (d,lH), 3.25-3.18 (m, IH), 3.09-3.90 
(4H), 2.68-2.63 (t,lH), 2.45-2.39 (dq, IH), 2.16-1.98 (m, 3H), 1.83-1.74 (m, 2H), 1.65- 
1.61 (m, IH). 1.45-1.42 (m, IH), 1.31-1.22 (quin, IH), 0.65-0.61 (t, 6H); MS: [M+H] = 
349. 

15 

iT/gam plfi 18F: G^JV-IF4-Fliioro-2-rtrifluoroin fethvnphenvllinethvtt-JV-(2- 
niethvlpropvR-l-azabicvclor2^JSloctan -3-amme..L-tartrate 

^HNMR (300 MHz, CD3OD) 8h: 7.94-7.89 (t, IH), 7,34-7.27 (m, 2H), 4.29 (s, 4.29), 
3.81-3.66 (q, 2H), 3.51-3.44 (t,lH), 3.40-2.89 (m, 6H), 2.37-2.04 (m, 4H), 1.93-1.38 (m, 
20 4H), 0.82-0.76 (dd, 6H); MS: [M+KQ = 359. 

FTamnle 19F; (3S)-N-U4-FluoronA >-biphenvll- 2-vnniethvll-JV-(2-methYlpropyl)-l- 
azabicvclo[2.2.21octap-3-amine. L-tartrate 

^HNMR(300 MHz, CD3OD) 5h: 7.40-7.08 (m, 7H). 6.68-6.91 (dt, IH), 4.29 (s, 2H), 
25 3.56-4.0 (q. 2H), 3.31-2.96 (m, 5H), 2.72-2.67 (t, IH), 2.58-2.52 (dq, IH), 2.18-1.30 (m, 
8H), 0.70-0.68 (dd, 6H); MS: [M+H] = 367. 

The following examples illustrate compounds of of Formulae (IG) above and 
methods for their preparation. 

30 
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Preparatton of Intermediates 



5 



10 



flSW4-Bepzvl-morpholm-2-vn-pb eiiyl-methanone 

c: 



N 





Described above in section entitled 'Tieparation of mtermediates for the synthesis 
of Examples 1C-17C". 

OH 




Described above in section entitled "Preparation of intermediates for the synthesis 
of Examples 1C-17C". 

fl.SV2-r(JtVbr«inofphenvnmethvll-4-(pb eiivlmethvnmorpholine(3) 

OH Br 
HI H = 



CHCI3 iji 

Ph-^ • ■ Ph^ 



15 To asolutionof (5>-phenyl[(2S)-4-(phenyhnethyl)morpholm-2-yl]methanol (2) (4.71 g, 
16.63 mmole) in chloroform (200 ml) is added Hie triphenylphosphine dibromide (14.04 
g. 33.26 mmole). The mixture is heated at 60°C ovemigiht The mixture is allowed to cool 
to room temperature then washed with saturated sodium carbonate solution (aqueous, 
-ICQ ml), dried (Na2S04) and concentrated in vacuo. The resulting residue is purified by 

20 automated flash chromatography (ISCO system: 120 g column, 10-30% EtOAc in 

isohexane) to give (2S)-2-[(if)-bromo(phenyl)methyl]-4-(phenyhnethyl)morpholine (3) as 
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a white soM (4.63 g, 80%). LCMS 6 min gradient meHiod, Rt = 2.5 min, (M+HT) = 
346/348 



iy-ffiS^-phenvirf2iSV4-(phenvlmethvftmoi^holm-2-Yl1methvB ethanethioate (S) 

^^vlX^pj^ KSCOCH3 S"^^ 





5 



A solution of (2iS)-2-[(i?)-bromo(phenyl)methyl]-4-(phenylmef^^ (3) (1.76 g, 

5.08 nimole) and potassium fhiolacetate (1.16 g, 10.16 mmole) in 1:1 anhydrous 
THF:DMF (30 ml), is stirred at 40 xmder nitrogen overnight The mixture is then 
taken up in acetonitrile and loaded onto an SClO-2 column (4 x 10 g). The SClO-2 

10 columns are washed with further acetonitrile. The target compound is eluted with 4: 1 
acetonitrile : EtaN. This is concentrated in vacuo to give an orange oil which is purified 
by automated flash chromatography (ISCO system: 35 g SiOa Redisep colunan, 10-30% 
EtOAc in isohexane over 40 ndnutes) to give 5'-{(iS)-phenyl[(25)-4- 
(phenylmethyl)morpholin-2-yl]methyl} ethanethioate (5) as an amber coloured crystalline 

1 5 solid (1 .54 g, 89%). LCMS 6 min gradient method, Rt = 2.5 min, (M+HT) = 342 

(iSVphenyir(2iS^-4-(Dhenvlmethyl>morphoIm-2-yllmetha f6'> 



20 The S'-{(iS)-phenyl[(2iS)-4-(phenyhnethyl)moii)holm-2-yl]methy^ ethanethioate (5) 

(1 1.02 g, 32.3 mmole) is taken up in methanol (100 ml, dry, degassed), imder nitrogen. 
To this is added the sodium thiomethoxide (2.26 g, 32.3 mmole) in one portion (as solid). 
The reaction mixture is left to stir at room temperature for 2 hours. The solution is then 
added to an aqueous solution of HCl (0.1 M). This is extracted with DCM (3 x). The 



Ph' 




Ph' 
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extracts are dried (Na2S04) and concenttated in vacuo to give (S)-phenyl[(25)-4- 
(pheayline1hyl)morpholin-2-yl]methanethiol (6) as ayeUow solid (9.59 g, 99%). 
min gradiettt method, Rt = 2.7 torn, QA+it) = 300 



5 F.Yamples 



F.Tcample IG: 
hamiftimarate 



20 



c 



Ph 




Fumarate sail 



10 i) To palladium acetate (0.026 g, 0.12 mmole) in acetonitrile (3 ml), is added 

triphenylphosphine (0.122 g, 0.46 mmole), under nitrogen, at room temperature. The 
mixture is left to stir for 15 minutes. To this mixture is added water (distilled, 1 ml), 
phenylboronic acid (0.846 g, 6.94 mmole), 3-bromo-2-fluoropyridine (1.02 g, 5.78 
imnole) and potassium carbonate (4.80 g. 34.70 mmole). Ite reaction mixture is heated at 
15 70 "C overnight After cooling to room temperature, the reaction mixture is loaded 

directly onto a 40 g Redisep SiOj column and components isolated by automated flash 
chromatogr^hy (ISCO System, 0-30 % ethyl acetate in cyclohexane gradient elution 
over 40 minutes). This gave 2-fluoro-3-phenylpyridine as a very pale yellow oU (1 .00 g, 
100 %). LCMS 6 min gradient method, Rt = 3.7 min, (M+H*) = 174. 

ii) To a solution of (S)-phenyl[(2S)-4-(phenylmethyl)morpholin-2-yl]methane1hiol (6) 
(1 .50 g, 5.01 mmole) and 2-fluoro-3-phenylpyridine (2.44 g, 14.09 mmole) in dry, 
degassed DMF (10 ml) is added, under nitrogen, sodium hydride (60 % dispersion in oil, 
0.24 g, 6.01 mmole). The mbcture is left to stir overnight at room temperature. The 
25 reaction mixture is loaded neat onto a 120 g SiOa Redisep column (preconditioned with 
cyclohexane). Automated flash chromatography (ISCO System, 0 - 30 % ethyl acetate in 
cyclohexane gradient elution over 40 minutes at 40 ml/minute flow rate) yielded an 
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orange oU (2^6 g). Chromatography is repeated using chromatography aSCO System, 40 
g column, 0-30 % ethyl acetate in cyclohexane gradient elution over 40 minutes at 30 
ml/minute flow rate) to give (2S)-2-{(S)-phenyl[(3-phenylpyridin-2-yl)thio]methyl}-4- 
(phenyhnethyl)morpholine as a pale orange oil (1.65 g, 73 %). LCMS 6 min gradient 
5 method. Rt = 4.0 min, (M+H') = 453. 

in) To a suspension of polymer supported diwopropylamine (3.78 mmol/g, 0.54 g, 2.03 
mmole) and (25)-2-{(S)-phenyl[(3-phenylpyridin-2-yl)thio]methyl}-4- 
(phenyhnethyl)morpholine (0.184 g, 0.41 mmole) in dry DCM (5 ml) is added 1- 
10 chloroethyl chloroformate (0.22 ml, 2.03 mmole) at room temperature and under 

nitrogen. The mixture is heated at 40°C for 3.75 hours. The reaction mixture is filtered, 
concentrated in vacuo then taken up in methanol (5 ml). The solution is left to stir at room 
temperature overnight. After this time, the reaction mixture is loaded directiy onto an 

SClO-2 column. The SClO-2 column is washed with methanol. The titie compound is 
15 eluted with 2 N NHa/methanol. This is concentrated in vacuo to give (2S)-2-{(5)- 

phenyl[(3-phenylpyridin-2-yl)thio]methyl}morpholine as white foam (0.148 g, 100 %). 

The foam is taken up in ethyl acetate. To this is added a solution of fumaric acid (1.1 

equiv, 0.052 g) in methanol. The resuMng solution is filtered then concentrated in vacuo. 

To the resulting white solid is added methanol (1.5 ml). This is stirred for a couple of 
20 minutes, then the remaining solid collected by filtration to give tiie hemi-fimiarate salt of 

(25)-2-{(5)-phenyl[(3-phenylpyridm-2-yl)thio]metiiyl>morpholine as a white soUd (0.127 

g). LCMS 12 min gradient method, Rt = 5.5 min, (M+H^ = 363 



F.^ainnle 2G! f2S^-2-l(.y^-f r3-r4-f iuoronhenvnpvridin-2- 
25 Y^l*'^'"^^"^^"^'^™*^'^^^' ""''^''"""^*™""''**^ 




Pumarale salt 
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i) To bis(benzonitrile)palladium(II)dicUoride (0.054 g, 0,14 mmole) and 1,4- 
bis(diphenylphosphine)butane (0.091 g, 0.21 mmole) is added dry toluene (6 ml), under 
nitrogen, and the mixture stirred for half an hour. To fliis is added 3-bromo-2- 
fluoropyridine (0.50 g, 2.83 mmole) in efhanol (1 A ml) followed by a solution of 4- 
fluorophenylboronic acid (0.793 g, 5.67 mmole) in ethanol (2.4 ml). To this is added an 
aqueous solution of sodium carbonate (1 M, 2,83 ml, 2.83 rmnole). The mixture is heated 
at 60°C for 24 hours, then at 75°C for a further 16 hours. The organic layer is loaded 
directly onto a 40 g Redisep SiOi column and components isolated by automated flash 
chromatography (ISCO System, 0 - 30 % ethyl acetate in cyclohexane gradient elution 
over 40 minutes). This gave 3-(4-fluorophenyl)-2-fluoropyridine as a white solid (0.387 
g, 71 %). LCMS 6 min gradient method, Rt = 3.6 min, (M+H^ - 192 

ii) To a solution of (iS)-phenyl[(2S)-4-(phenylmethyl)morpholin-2-yl]mefhanethiol (6) 
(0.505 g, 1.69 mmole) and 3-(4-fIuorophenyl)-2-fluoropyridine (0.387 g, 2.02mmole) in 
dry, degassed DMF (3 ml) is added, under nitrogen, cesium fluoride (0.385 g, 2.54 
mmole). The mixture is heated at 65*'C over the weekend. After this time, the reaction 
mixture is allowed to cool and loaded directly onto an SClO-2 column. The SClO-2 
column is washed with methanol. The (25)-2-[(S)-{[3-(4-fluorbphenyl)pyridm-2- 
yl]thio}(phenyl)methyl]-4-(phenyhnethyl)morpholine is eluted with 2 N NHs/methanoL 
This is concentrated in vacuo to give an orange solid (0.649 g). This is purified by 
automated flash chromatography (ISCO System, 40 g SiOi Redisep colxmm, 0 - 30 % 
ethyl acetate in cyclohexane gradient elution over 40 minutes at 30 ml/minute flow rate) 
to give (25)«2-[(5)-{[3-(4-fluorophenyl)pyridin-2-yl]tMo}(phenyl)me&^^ 
Q)henyhnethyl)morpholine as a off-white foam (0.395 g, 50 %). LCMS 6 min gradient 
method, Rt = 3.3 min, (M+H*^ = 471. 

iii) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described in Example IG, using polymer supported diwapropylamine (3.78 mmole/g, 
1.09 g, 4.14 mmole), (2S)-2-[(S)-{[3-(4-fluorophenyl)pyridin-2-yl]thio}(phenyl)methyl]- 
4-(phenyhnethyl)morpholine (0.390 g, 0.83 rmnole), dry DCM (20 ml), 1-chloroefhyl 
chloroformate (0.45 ml, 4.14 mmole) and methanol (20 ml). This gave (2S)-2~[(iS)-{[3-(4- 
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fluorophenyl)pyridin-2-yl]lMo}^henyl)methyl]mo^^ as a pale yellow oil (0,232 g, 
74 %). This oil is taken up in ethyl acetate. To this is added a solution of fumaric acid (1 . 1 
equiv, 0.071 g) in methanol. The resulting solid is collected by filtration to give a white 
solid (0.1 15 g). This is recrystallised firom MeOH/CHCla/EtaO to give a white solid 
5 (0.061 g). LCMS 12 min gradient method, Rt = 5.4 min, (M+KO = 381 



Example 3G: (25>-2-r(5>-([3-(3-chIoroDhenvnDvridin>2- 
vllthioKphenvnmethvllmorDhoiine fumarate 




Fumarate salt 



10 i) To bis(benzonitrile)palladi\mi(II)dichloride (0.054 g, 0.14 mmole) and 1,4- 

bis(diphenylphosphine)butaae (0.091 g, 0.21 mmole) is added dry toluene (6 ml), imder 
nitrogen, and the mixture stirred for half an hour. To this is added 3-bromo-2- 
fluoropyridine (0.50 g, 2.83 mmole) in ethanol (1.4 ml) followed by a solution of 3- 
chlorophenylboronic acid (0.887 g, 5.67 mmole) in ethanol (2.4 ml). To this is added an 

15 aqueous solution of sodium carbonate (1 M, 2.83 ml, 2.83 mmole). The mixture is heated 
at 60°C for 24 hours, then at 75°C for a further 16 hours. The organic layer is lo3ded 
directiy onto a 40 g Redisep Si02 colunm and components isolated by automated flash 
chromatogr^hy (ISCO System, 0 - 30 % ethyl acetate in cyclohexane gradient elution 
over 40 minutes). This gave 3-(3-chlorophenyl)-2-fluoropyridine as an off-white solid 

20 (0.333 g, 57 %). LCMS 6 min gradient method, Rt = 4.0 min, (M+H*) = 208. 

ii) To a solution of (S)-phenyl[(25)-4-(phenylmethyl)morpholin-2-yl]methanethiol (6) 
(0.400 g, 1.34 mmole) and 3-(3-chlorophenyl)-2-fluoropyridine (0.333 g, 1.60 mmole) in 
dry, degassed DMF (3 ml) is added, imder nitrogen, cesium fluoride (0.305 g, 2.00 
25 Eomole). The mixture is heated at 65^C over the weekend. After this time, the reaction 
mixture allowed to cool. The resulting solid is taken up in MeOH/DCM and loaded 
directiy onto an SClO-2 column. The SClO-2 colunm is washed with methanol. The (2S)- 
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24(S)-{[3K3-cWorophenyl)pyridm-2-yl]thio}(phenyl)methyl]-4- 
(pheaylmeflayDmorpholme is eluted vAih 2 N NHa/methanol. Tins is concentrated in 
vacuo to give a ^te foam (0.555 g). Uns is purified by automated flash chromatography 
(ISCO System, 0 - 30 % ethyl acetate in cyclohexane gmdient elution over 40 minutes at 
5 40 rnVminute flow rate) to yield (2S)-2-KS)-{[3-(3-chlorophenyl)pyridin-2. 

yl]thio}(phenyl)me1hyl]-4-(phenyhnethyl)moipholme as a white foam (0.258 g. 40 %). 
LCMS 6 min gradient melhod, Rt = 4.2 min, (M+H^ = 487. 

iii) Deprotection of the morpholine nitrogen is carried out using the melhod and workup 
10 as described m Example IG, using polymer supported di.-.opropylamine (3 .72 mmole/g, 
0 70 g, 1.80 mmole), (2S)-2-[(S)-{[3<3-cMorophenyl)pyridin-2-yl]thio}(phenyl)meth^ 
4.(phenyhnethyl)moipholme (0.255 g, 0.52 mmole), dry DCM (15 ml), l-chloroethyl 
chlorofoimate (0.29 ml, 2.62 mmole) and methanol (15 ml). This gave a colourless 
residue (0.21 1 g). This residue is taken up in ethyl acetate. To this is added a solution of 
15 fumaric acid (1.1 equiv, 0.062 g)m methanol. If the resulting soUd contains impurities it 
may be recombined withthe mother liquor and purified on aUV Guided PrepHPLC 
(Flex) System and treated with SClO-2 to give (2S)-2.[(S)-{[3-(3.chlorophenyl)pyndm.2- 
yl]thio}(phenyl)methyl]morpholine as a pale yellow oU (0.127 g, 65 «/o). This oil is taken 
up in MeOH/DCM. To this is added a solution of fumaric acid (1.1 equiv, 0.0145 g) m 
20 methanol, followed by Et.O. The resulting crystals are coUected by filtration to give the 
fumarate salt of (2S)-2-[(S)-{[3-(3-chlorophenyl)pyridin-2- 
yl]thio>(phenyl)me1hyl]morpholine (1:1 fumarate salt) as awhile soM (0.047 g). LCMS 
12 min gradient method. Rt = 5.7 mm, (U+it) = 397 

25 Ti-^«mnle 4Gt (2 C)-'>-r^^■r2-cMoronhellyl)PYridm-?- 
yi]*i,i«) (pheiivnmet »»yl1'»ftrnholMiefiimarate 
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i) To palladium acetate (0.0025 g, 0.0011 mmole) in acetonitrile (3 ml), is added 
triphenylphosphine (0.01 19 g, 0.045 mmole), under nitrogen, at room temperature. The 
mixture is left to stir for 15 minutes. To this mixture is added water (distilled, 1 ml), 2- 
chlorophenylboronic acid (0.106 g, 0.68 mmole), 3-bromo-2-fluoropyridine (0.10 g, 0.57 
5 mmole) and potassium carbonate (0.470 g, 3.40 mmole). The reaction mixture is heated 
to 60^C increasing to 75 over 5 hours then allowed to cool to room temperature. To the 
reaction mixture is added MeOH and this is loaded onto an SCI 0-2 column (10 g) 
preconditioned with MeOH. The column is washed with MeOH and the resulting solution 
concentrated in vacuo to give an orange oil (0.196 g). The oil is purified by automated 
10 flash chromatography (ISCO System, a 10 g Redisep Si02 column, 0 - 30 % ethyl acetate 
in cyclohexane gradient elution over 40 minutes). This gave 2-fluoro-3-(2- 
chlorophenyl)pyridine as a colourless oil (0.050 g, 42 %). LCMS 6 min gradient method, 
Rt = 3.3 min, (M+H^ - 208 

15 ii) To a solution of (S)-phenyl[(2iS)-4-(phenyhnethyl)morpholin-2-yl]methane^ (6) 
(0.288g, 0.96 mmole) and 3-(2-chlorophenyl)-2-fluoropyridine (0.40 g, 1.93 mmole) in 
dry, degassed DMF (2 ml) is added, under nitrogen, sodium hydride (60% dispersion in 
oil, 0.0.046 g, 1 . 1 5 mmole). The mixture is left to stir at room temperature over the 
weekend. The reaction mixture is loaded directly onto an a 40 g Redisep SiOi column. 

20 Components are eluted using automated flash chromatography (ISCO System, 0 - 30 % 
ethyl acetate in cyclohexane gradient elution over 30 minutes at 40 ml/minute flow rate) 
to give (25)-2-[{[3-(2-chlorophenyl)pyridin-2-yl]thio}(phenyl)methyl]-4- 
(phenyhnethyl)morpholine as a white solid (0.021 g, 5 %). LCMS 6 min gradient method, 
Rt = 4.3 min, (M+H^) = 487. 

25 

iii) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described in Example IG, using polymer supported diwopropylamine (3.78 mmole/g, 
0.057 g, 0.216 nmiole), (2S)-2-[{[3-(2-cmorophenyl)pyridin-2-yl]tWo}(phenyl)me1hyl]^ 
(phenyhnethyl)morpholine (0.021 g, 0.043 mmole), dry DCM (2 ml), 1-chloroethyl 
30 chloroformate (0.024 ml, 0.216 mmole) and metiianol (2 ml). This gave a colourless 
residue (0.017 g, 100 %). This residue is taken up in ethyl acetate. To this is added a 
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solution of fumaric acid (1 equiv, 0.005 g) in methanol. This is reduced in volume and 
Et20 added. The resulting solid is collected by filtration to give the fumarate salt of (25)- 
2-[{[3-(2-chlorophenyI)pyridin-2-yl]thio>(phenyl)methyl]morpholine (1:1 fumarate salt) 
as a pale green solid (0.0 12 g). LCMS 12 min gradient method, Rt = 5.4 min, (M+lt) = 
5 397 



F.Tamnle 5G: (2S^-2-((5VpheiivI(r3-(tri flnoromethvnDvridip-2- 
vlltliio>methvl'>morphoiine 

C^- — C^" — 




10 i) Potassium fluoride (0.048 g, 0.84 mmole) and copper <J) iodide (0.159 g, 0.84 mmole) 
are thoroughly mixed and dried under reduced pressure with a hot air gun for 20 minutes. 
To the resulting yellow solid, at room temperature is added (2S)-2-[(S)-[(3-iodopyridin-2- 
yl)thio](phenyl)me1hiyl]-4-(phenylmethyl)morpholine (as prepared in Example 15) (0.190 
g, 0.38 mmole) in anhydrous NMP (0.5 ml) followed by anhydrous DMF (0.5 ml) then 
1 5 (trifluoromethyl)trimethylsilane (0. 1 1 ml, 0.76 mmole). After 3 days at room temperature, 
the temperature is increased to 50 °C. The reaction mixture is heated at 50 °C overnight. 
After cooling to room temperature, further (trifluoromethyl)trimethylsilane (0.1 1 ml, 0.76 
mmole) is added to the reaction mixture and tiie mixture is left to stir overnight at room 
temperature. To the reaction mixture is added MeOH before loading onto an SClO-2 
20 column (1 0 g) preconditioned with MeOH. The column is washed with MeOH. Basic 
material is eluted with 2 N NHa/meflaanol. This is concentrated in vacuo to give a pale 
yellow solid (0.199 g). This is purified by automated flash chromatography (ISCO 
System, 3 x 4 g Redisep Si02 columns, in parallel, 0 ~ 20 % ethyl acetate in cyclohexane 
gradient elution over 40 minutes) to give the (2S)-2-[(S)-[(3-iodopyridin-2- 
25 yl)thio](phenyl)methyl]-4-(phenylmethyl)morphoUne as a white foam (0.108 g, 57 % 
recovery of this starting material) and (2S)-2-((S)-phenyl{[3-(trifluorome1iiyl)pyridin-2- 
yl]thio}methyl)-4-(phenylmethyl)morpholine as a colourless oil (0.033 g, 20 %). LCMS 6 
min gradient method, Rt = 4.2 min, (M+H*) = 445 
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ii) To a suspension of polymer siqjported diisopropylamme (3.72 mmol/g, 0.097 g, 0.36 
mmole) and (25)-2<(S)-phenyl{[3<trifluoroniethyl)pyridm-2-yl]tMo}me&^^^ 
(plienylmethyl)morpholine (0.0.032 g, 0.07 nomole) in dry DCM (0.5 ml) is added 1- 
5 chloroethyl chloroformate (0.039 ml, 0.36 mmole) at room temperature and under 

nitrogen. The mixture is heated at 40 °C for 2 hours. The reaction mixture is filtered and 
concentrated in vacuo then taken up in methanol (0.5 ml). The solution left to stk at room 
temperature overnight. After this time, the reaction mixture is loaded directly onto an 
SClO-2 column. The SClO-2 column is washed with methanol. The target compound is 
1 0 eluted with 2 N NHa/methanol. This is concentrated in vacuo to give a pale yellow oil 
(0.024 g). The pale yellow oil is purified using an automated PrepLCMS system, then 
liberated as the fi»e base by treatment with SClO-2 and concentrated under vacuum to 
give (2S)-2-((5)-phenyl{[3-(trifluoTomethyl)pyridin-2-yl]thio>methyl)morpholine as a 
white solid (0.005 g, 20 %). LCMS 12 min gradient method, Rt = 4.9 min, (M+lrt) =354 



15 



Kxample 6G: (25^-2-((^-nhenvUr3-(ph envlmcthYnpvridm-2- 
vllthio>methvl>morp hftli"e fiimarate 




Ct^ — - 0^" 
J s 

Rimarats salt 

i) To a 100 ml round-bottomed flask, under nitrogen, containing dry THF (25 ml) is 
20 added n-butylUthium (1 .6 M solution in hexanes, 3,99 ml, 6.39 mmole) at O'C followed 
by Uthium diwopropylamide (2 M solution in THF/«-heptane, 3.19 ml, 6.39 mmole). The 
reaction mixture is left to stir for 1 hour at 0°C. The mixture is cooled to -70°C then 2- 
fluoropyridine added. The solution is stirred at -70°C for 4 hours. To the solution is 
added benzaldehyde (0.71 ml, 6.97 mmole). This is then left to stir for 1 hour at -70''C, 
25 after which time water (1 00 ml) is added. On warming to room temperature the solution is 
extracted with chloroform (2 x 100 ml). The combined extiacts are dried (Na2S04) and 
concentrated in vacuo to yield a yellow oU (1.58 g). Purification by automated flash 
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chromatography (ISCO System, Redisep 10 g SiOa column, 0-30 % ethyl acetate in 
cyclohexane gradieat elution over 30 minutes at 20 ml/mln flow rate) gave 2-fluoro-3- 
(phenyl-l-hydroxymethyl)pyridme as a yeUow oU (0.71 g, 59 %). FIA QA+it) = 204 

5 u) To 5 % Pd/C (0.07 g), under nitrogen, is added a solution of 2-fluoro-3-(l-hydroxy-l- 
phenyhnethyDpyridine (0.71 g, 3.5 mmole) in ethanol (50 ml). This is then put on aParr 
Hydrogenator at 60 psi H2 and left over the weekend. The reaction mixture is filtered 
through Celite®. Removal of solvent from the resulting solution gave a pale yellow oH. 
This is purified by automated flash chromatography (ISCO System, 10 g SiOz Redisep 

10 column, 0-30 % ethyl acetate in cyclohexane gradient elution over 40 minutes at 20 
ml/minute flow rate) to give 2-fluoro-3-(phenyhnethyl)pyridine as a colourless oU (0.18 

g.27%). 

iii) To a solution of (5)-phenyl[(2fi)-4-(phenyhnethyl)morpholin-2-yl]methanethiol (6) 
15 (0.27 g, 0.91 mmole) and 2-fluoro-3-(l-hydroxy-l-phenyhnethyl)pyridine (0.17 g, 0.91 
mmole) in dry, degassed DMF (1 .5 ml) is added, under nitrogen, sodium hydride (60 % 
dispersion in oU, 0.07 g, 1.82 mmole). Tlie mixture is left to stir overnight at room 
temperature. A further portion of sodium hydride (605 dispersion in oil, 0.07 g, 1 .82 
mmole) and DMF (1 ml) is added. After 5 hours at room temperature, the reaction 
20 mixture is taken up in MeOH and loaded onto an SClO-2 column. The SClO-2 column is 
washed with methanol. The (25)-2-((S)-phenyl{[3-(phenyhnethyl)pyridin-2- 
yl]thio}methyl)-4-(phenyhnethyl)morpholine is eluted with 2 N NHa/methanoL This is 
concentrated in vacuo to give a yellow residue (0.36 g). The residue is purified by 
automated flash chromatography (ISCO System, 35 g SiOj Redisep column, 0-30 % 
25 ethyl acetate in cyclohexane gradient elution over 40 minutes at 40 ml/minute flow rate) 
which yields (2S)-2-((5)-phenyl{[3-(phenyhnethyl)pyridin-2-yl]thio}methyl)-4- 
(phenyhnethyl)morpholine as a pale yellow oil (0.10 g. 24 %). LCMS 6 min gradient 
method, Rt = 3.8min, QA+lt) = 467 

30 iv) Deprotection of the morpholine nitrogen is carried out using the method and wo* up 
as described in Example IG, using polymer supported diwopropylamine (3.78 mmole/g. 
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0.28 g, 1.07 mmole), of (25)-2<(5)-phenyl{[3-(phenylmethyl)pyridm-2-yl]1iuo}methyl> 
4-(phenylme1hyl)morpholme (0.092 g, 0.20 mmole). dry DCM (5 ml), 1-chloroethyl 
chlorofonnate (0.12 ml, 1.07 mmole) and methanol (5 ml). This gives (25i)-2-((S)- 
phenyl{[3-0phenyhne1iiyl)pyridm-2-yl]lMo}me&yl)morpholme as a colourless residue 

5 (0.076 g, 94 %). This oil is taken up in ethyl acetate. To this is added a solution of 
fumaric acid (1.1 equiv, 0.026 g) in methanol. The resulting solution is concentrated in 
vacuo and the resulting oil triturated with ethyl acetate. The solid is collected by filtration 
to give the fumarate salt of (2S)-2-((5)-phenyl{[3-(phenylmethyl)pyridin-2- 
yl]thio}methyl)morpholine (1:1 fumarate salt) as a white solid (0.070 g). LCMS 12 min 

10 gradient method, Rt = 5.6 min, (M+H^ = 377 

KYamnle7G:(25:w2-f(5^-Dhenvl([3-(DhenvloCT^Dvridin-2-vllthio^met hvnmorDholine 



famarate 




Fumarate salt 



15 i) To a 100 ml round bottomed flask is added 2-chloro-3-pyridinol (0.50 g, 3.86 mmole), 
copper (II) acetate (0.70 g, 3.86 mmole), phenylboronic acid (0.94 g, 7.72 namole) and 
powdered 4A molecular sieves. To the mixture is added DCM (39 ml) followed by 
triethylamine (2.69 ml, 19.30 mmole). This is stirred overnight, under nitrogen, at room 
temperature. The reaction mixture is poured into water (75 ml) and extracted with ethyl 

20 acetate (3 x 75 ml). The combined extracts are concentrated in vacuo to give a brown oil 
(0.65 g). Purification by automated flash chromatography (ISCO System, Redisep 35 g 
SiOa column, 0 - 20 % ethyl acetate in cyclohexane gradient elution over 40 minutes) 
gives 2-chloro-3-phenoxypyridine as a colourless oil (0.32 g, 41%). LCMS 6 min 
gradient method, Rt = 3.6min, (M+H^ = 206 

25 

ii) To a solution of (5)-phenyl[(25)-4-(phenyhnethyl)morpholin-2-yl]methanethiol (6) 
(0.352 g, 1.18 mmole) and 2-chloro-3-phenoxypyridine (0.29 g, 1.41 mmole) in dry. 
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degassed DMF (3 ml) is added, under nitrogen, cesium fluoride (0.179 g, 1.18 mmole). 
The mixture is left to stir for two days at SS'^C. A furfher portion of cesium fluoride 
(0.063 g, 0.41 romole) is added and the solution heated for 5 hours at 55°C. The reaction 
mixture is allowed to cool then loaded neat onto a 35 g Si02 Redisep column 

5 (preconditioned with cyclohexane). Automated flash chromatography (ISCO System, 0 - 
40 % ethyl acetate in cyclohexane gradiait elution over 40 minutes at 30 ml/minute flow 
rate) yields a yellow oil (2.26 g). This is taken up in MeOH and loaded onto an SCI 0-2 
column. The SCI 0-2 column is washed with methanol. The titie compound is eluted with 
2 N NHs/methanol. This is concentrated in vacuo to give (2S)-2-{(S)-phenyl[(3- 

10 phenyloxypyridin-2-yl)thio]methyl>-4-(phenylmethyl)moipholine as a pale orange oil 
(0.092 g, 17 %). LCMS 6 min gradient method, Rt = 3.6 min, (M+H^ = 469 

iii) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described m Example IG, using polymer supported diwopropylamine (3.78 mmole/g, 

15 0.26 g, 0.98 mmole), (2S)-2-{(5)-phenyl[(3-phenyloxypyridin-2-yl)thio]methyl}-4- 
(phenyhne1hyl)moipholine (0.092 g, 0.20 mmole), dry DCM (5 ml), 1-chloroethyl 
chloroformate (0.11 ml, 0.98 mmole) and methanol (5 ml). This gave (2S)-2-((S)- 
phenyl{[3-(phenyloxy)pyridin-2-yl]thio>methyl)moipholine as a pale yellow oil (0.070 g, 
95 %). This oil is taken up in etiiyl acetate. To this is added a solution of fumaric acid (1.1 

20 equiv, 0.024 g) in methanol. The resulting solution is concentrated in vacuo and tiie 
resulting oil triturated with ethyl acetate. The solid is collected by filtration to give the 
fiamarate salt of (2S)-2-((S)-phenyl{[3-(phenyloxy)pyridm-2-yl]thio}methyl)morpholine 
(1:1 fumarate salt) as an off-white solid (0.094 g). LCMS 12 min gradient method, Rt = 
5.5 min, QA+lt) = 379 

25 

ir.^aninlfi 8ft; f2^-2-rf.SVrr3-cMoronvridm-2-v nthiolfDhenvl^inisthvllmorDholme 



fumarate 
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X) 



X) 

5- N 



Ph' 



Ph 



Ph' 




Ph 




Ph 



Fumarate salt 



i) To a solution of (S)-phenyl[(2S)-4-Cphenylmethyl)inorpholin-2-yl]metiianethiol (6) 
(0.446 g, 1.49 mmole) and 2,3-dichloropyridine (0.246 g, 1.67 mmole) in dry, degassed 
DMF (3 ml) is added, under nitrogen, sodium hydride (60 % disperaon in oil, 0.061g, 

5 1 .53 mmole). The mixture is left to stir overnight at room temperature. The reaction 

mixture is taken up in MeOH and loaded onto an SClO-2 column. The SClO-2 column is 
washed with methanol. The (25)-2-[(S)-[(3-chloropyridin-2-yl)thio](phenyl)methyl]-4- 
(phenylmethyl)morpholine is eluted with 2 N NHa/methanol. This is concentrated in 
vacuo to give (25)-2-[(S)-[(3-chloropyridin-2-yl)thio](phenyl)methyl]-4- 

10 (phenyhnethyl)morpholine as a pale yellow oU (0.61 g). LCMS 6 min gradient melhod, 
Rt = 3.5 min, (M+H^ = 411 

ii) Deprotection of the morpholine nitrogen is carried out \ising the method and work up 
as described in Example IG, using polymer supported diwopropylamine (3 .78 mmole/g, 

15 0.39g. 1.46 mmole), (25)-2-[(S)-[(3-chloropyridin-2-yl)thio](phenyl)methyl]-4- 

(phenyknethyl)morpholine (0.120 g, 0.292 mmole), dry DCM (15 ml), 1-chloroethyl 
chloroformate (0.16 ml, 1.46 mmole) and methanol (15 ml). This gives (2S)-2-[(S)-[(3- 
chloropyridin-2-yl)thio](phenyl)mettiyl]morpholine as a pale yellow oil (0.092 g, 98 %). 
This oil is taken up m ethyl acetate. To this is added a solution of fumaric acid (1 equiv, 

20 0.033 g) in methanol. The resulting solution is concentrated in vacuo to give an oil \\i3ich 
is crystallised from EPA. The solid is collected by filtration to give the fumarate salt of 
(2S)-2-[(5)-[(3-chloropyridin-2-yl)thio](phenyl)methyl]morpholine (1:1 fumarate salt) as 
a white solid (0.1 1 1 g). LCMS 12 min gradient method, Rt = 4.8 min, (M+H^.= 321 

25 ir.iramnle9Gt(2^-24(.S^-rr3-methvlDvridin-2-vntfaiol (nhenvnmethvl1morpholine 



ftimarate 
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1. 



CH 

Ph 



0" 



Ph 

Fumarate salt 



i) To a degassed solution of S-{(S)-phenyl[(2S)-4-(phenylinethyl)morpholin.2-yl]methyl} 
ethanethioate (5) (0.100 g, 0.293 nnnole) and 2-fluoro-3-me1hylpyridine (0.325 g, 2.93 
nimole) in DMF (1 ml) is added sodium methoxide (0.016 g, 0.293 mmole). The reaction 
5 mixture is left to stir at room temperature, under nitrogen, overnight. The reaction mixture 
is dUuted with methanol and loaded onto an SClO-2 (5 g) column preconditioned with 
MeOH. The column is washed with MeOH then basic material is eluted with 2 N 
NHs/methanol. This ammonia solution is concentrated in vacuo to give an orange oU 
(0.067 g) which is purified by automated flash chromatography (ISCO System, Redisep 
10 SiOz column, 0-20 % ethyl acetate in cyclohexane gradient elution over 40 minutes) to 
give(2S)-2-[(S)-[(3-methylpyridm-2-yl)thio](phenyl)methyl]-4- 
(phenyhnethyl)moiphoUne as a colourless oil (0.055 g, 44%). LCMS 6 min gradient 
method, Rt = 2.9 min, (M+¥t) = 391 

15 u) To a suspension of polymer supported diwopropylamine (3.78 mmol/g, 0.167 g, 0.64 
nmiole) and (2S)-2-[(S)-[(3-methylpyridin-2-yl)thio](phenyl)melhyl]-4- 
(phenyhnethyl)moipholine (0.050 g, 0.13 mmole) in dry DCM (5 ml) is added 1- 
chloroethyl chlorofotmate (0.070 ml, 0.64 mmole) at room temperature and under 
nitrogen. The mixture is heated at 40*'C for 1 .5 hours. The reaction mixture is filtered and 
20 concentrated in vacuo then taken up m methanol (5 ml). The solution is left to stk at room 
temperature for 2.5 hours. After this time, the reaction mbrture is loaded directly onto an 
SClO-2 column. The SClO-2 column is washed with methanol. The free base of the title 
compound is eluted with 2 N NHs/methanol. This ammonia solution is concentrated in 
vacuo to give (2S)-2-[(S)-[(3-methylpyridin-2-yl)thio](phenyl)methyl]morpholine as an 
25 orange ofl (0.037. g, 97 %). This oil is taken up m methanol. To this is added a solution of 
fomaric acid (1 equiv, 0.014 g) in methanol. This is stirred for a couple of mmutes, then 
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EtOAc foUowed by isohexane added. The resulting precipitate is coUected by filtratioii to 
yield a white soUd (0.048 g). This is recrystaUised from ethyl acetate and isohexane to 
give the fumarate salt of (25)-2-[(S)-[(3-meUiylpyridin-2- 

yl)thio](phenyl)methyl]morpholine (1:1 fumarate salt) as a white soUd (0.013 g) LCMS 
12 min gradient method, Rt = 4.5 nun, (M+H*) = 301 

Kxamnle lOGt (2S^-2-[(S^-( f^-f4-chloroDheiiYl>PYridm-2- 
yllthioirphftnYnmethv llmorDholine fumarate 



Ph 




Fumarate salt 



10 i) To bis(benzonitrile)palladium(n)dichloride (0.054 g, 0.14 mmole) and 1,4- 
■ bis(diphenylphosphine)butane (0.091 g, 0.21 mmole) is added dry toluene (6 ml), under 
nitrogen, and the mixture stirred for half an hour. To this is added 3-bromo-2- 
fluoropyridine (0.50 g, 2.83 mmole) in ethanol (1.4 ml) followed by a solution of 4- 
chlorophenylboronic acid (0.887 g, 5.67 mmole) in ethanol (2.4 ml). To this is added an 

15 aqueous solution of sodium carbonate (1 M. 2.83 ml, 2.83 mmole). The mixture is heated 
at 60°C for 24 hours, then at 75''C for a further 16 hours. The organic layer is loaded 
directly onto a 40 g Redisep SiOa column and components isolated by automated flash 
chromatography (ISCO System, 0-30 % ethyl acetate in cyclohexane gradient elution 
over 40 minutes). This gave 3-(4-chlorophenyl)-2-fluoropyridine as a white soUd (0.323 
20 g, 55 %). LCMS 6 min gradient method, Rt = 4.0 min, (M+H^ = 208 

ii) To a solution of (S)-phenyl[(2S)-4-(phenyhnethyl)morpholin-2-yl]methanethiol (6) 
(0.388 g, 1.30 mmole) and 3-(4-chlorophenyl)-2-fluoropyridine (0.323 g, 1.56 mmole) in 
dry, degassed DMF (3 ml) is added, under nitrogen, cesium fluoride (0.295 g, 1.94 
25 mi^ole). The mixture is heated at 65°C over the weekend. After this time, the reaction 
mixture is allowed to cool. The resulting soUd is taken up in MeOH/DCM and loaded 
directly onto an SClO-2 column. The SClO-2 colunm is washed with methanol followed 
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by 2 N NHa/methanol. The ammonia solution is concentrated in vacuo to give (2S)-2-[(15)- 

{[3-(4-cMorophenyl)pyridin-2-yl]tbio}(phenyl)methyl]-4-(p^ 

an orange foam (0.514 g). This is purified by automated flash chromatography (ISCO 

System, 0 - 30 % ethyl acetate in cyclohexane gradient elution over 40 minutes at 40 

ml/minute flow rate) to give (2iS)-2-[(iS)-{[3-(4-chlorophenyl)pyridin-2- 

yl]tbio}(phenyl)methyl]-4-(phenylmethyl)morpholine as a white foam (0.178 g, 28 %). 

LCMS 6 min gradient method, Rt = 4.2 min, (M+lf) = 487 

iii) Deprotection of the morpholine nitrogen is carried out using the method and work up 
as described in Example IG, using polymer supported dif^'opropylamine (3.78 mole/g, 
0.48 g, 1.80 mmole), (25)-2-[(iS)-{[3-(4-cWorophenyl)pyridm-2-yl]thio}(phenyl)methyl]- 
4-(phenylmethyl)morpholine (0.175 g, Q.36 mmole), dry DCM (10 ml), l-chloroethyl 
chloroformate (0.20 ml, 1.80 mmole) and methanol (10 ml). This gave a colourless 
residue (0.129 g, 90 %). This residue is taken up in ethyl acetate. To this is added a 
solution of fumaric acid (1.1 equiv, 0.035 g) in methanol. The resulting solid is 
recombined with the mother liquor and purified on a UV Guided PrepHPLC (Flex) 
System and treated with SCI 0-2 to give a yellow solid. This is further purified by 
automated flash chromatography (ISCO System, Redisep 4 g SiOa colimin, 0 - 5 % 
methanol in dichloromethane gradient elution over 40 minutes, then 10 minutes at 5 % 
Methanol in dichloromethane with 10 ml/min flow rate) to give (2S)-2-[(iS)-{[3-(4- 
chlorophenyl)pyridin-2-yl]thio}(phenyl)methyl]morpholine as a pale yellow oil (0.049 g, 
34 %). This oil is taken up in ethyl acetate. To this is added a solution of fumaric acid (1.1 
equiv, 0.0145 g) in methanol. The resulting solution is concentrated in vacuo and 
recrystallised from MeOH and EtiO. The solid is collected by filtration to give the 
fimaarate salt of (2iS)-2-[(5)-{[3-(4-chlorophenyl)pyridin-2- 

yl]thio}(phenyl)methyl]morpholine (1:1 fumarate salt) as a white solid (0.047 g). LCMS 
12 min gradient method, Rt = 5.7 min, (M+H^ = 397 

Example IIG; f2iS^-2-r(iS^-rfS"bromoPvridm-2-vlHhiolfphenvnmethvIlmoro^ 
fumarate 
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Fumarate salt 



i) To a solution of iS-{(iS)-phenyl[(25)-4-(phenylmethyl)moiph^ 

efhanetiiioate (5) (0,25 g, 0.73 mmole) in dry methanol (2 ml) is added sodixnn methoxide 
(0.040 g, 0.73 mmole) under nitrogen. This is left to stir at room temperature for 1 hoxir. 

5 Methanol is removed in vacuo and replaced with DMF (1 ml). To this is then added the 5- 
bromo-2-fluoropyridine (0.1 1 ml, 1.02 mmole). The reaction mixture is left to stir at room 
temperature, vmder nitrogen, overnight. The reaction mixture is diluted with DCM and 
loaded directly onto a 35 g Redisep column. Purification by automated flash 
chromatography (ISCO System, Redisep 35 g SiOa column, 0 - 20 % ethyl acetate m 

10 cyclohexane gradient elution over 40 minutes) gave (2S)-2-[(S)-[(5-bromopyridin-2- 

yl)thio](phenyl)methyl]-4-(phenylmethyl)morpholine as a colourless oil (0.186 g, 56%). 
LCMS 6 min gradient method, Rt = 3.6 min, (M+H^ = 455/457 

ii) To a suspension of polymer supported dii^ropropylamine (3.78 mmol/g, 0.108 g, 20.4 
1 5 mmole) and (2S)-2-[(S)-[(5-bromopyridin-2-yl)thio](phenyl)methyl]-4- 

(phenyhnethyl)morpholme (0.186 g, 0.408 mmole) in dry DCM (10 ml) is added 1- 
chloroethyl chloroformate (0.22 ml, 2.04 mmole) at room temperature and under 
nitrogen. The mixture is heated at 40^C for 2.5 hours. The reaction mixture is then filtered 
and concentrated in vacuo then taken up in methanol (10 ml). The solution is left to stir at 
20 room temperature overnight. After this tune, the reaction mixture is loaded directly onto 
an SCI 0-2 colvunn (5 g). The SCI 0-2 colimm is washed with methanol. The target 
compound is eluted with 2 N NHs/methanol. This is concentrated in vacuo to give (25)-2- 
[(5)-[(5-bromopyridm-2-yl)tiuo](phenyl)methyl]morpholine as a colourless oil (0.108. g, 
72 %). This oil is taken up in etiianol. To this is added a solution of fimiaric acid (1.2 
25 equiv, 0.041 g) in ethanoL Solvent is removed in vacuo and the resulting residue 

triturated with EtOAc, This solid is collected by filtration to give the ftimarate salt of 
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(2S)-2-[m(5-bromopyridm-2-yl)thio](phenyl)m^^ fomarate salt) as 

a white solid (0.105 g). LCMS 12 min gradient method, Rt = 5.0 min. (M+KT) = 365/367 



carboxaiwitie famarate 



yridine-3- 





o 

V 

H 

Fumarate salt 



i) To a degassed solution of S.{(S)-phenyl[(2S)-4-(phenylmethyl)morpholin-2-yl]methy^^ 
ethanethioate (5) (0.100 g, 0.293 mmole) and 2-chloromcotinaniide (0.046 g, 0.293 
inmole) in etbanol (3 ml) is added a solution of sodium hydroxide in water (2 M, 0.293 
10 ml, 0.586 mmole). The resulting solution is stirred at room temperature ovemighL An 
additional portion of 2^hloronicotinamide (0.046 g, 0.293 mmole) is added to the 
. reaction mixture which is then heated at 40 «C overnight. The reaction mixture is diluted 
with methanol and loaded onto an SClO-2 column preconditioned with MeOH. The 
column is washed with MeOH then basic material is eluted wilh 2 N NHs/methanol. This 
15 ammonia solution is concentrated in vacuo to give 2-({[(5)-phenyl[(25)-4- 

(phenyhnethyl)morpholin-2-yl]methyl>tMo)pyridine-3-carboxam^ as a pale omnge 
residue (0.124 g, 100%). LCMS 6 min gradient method, Rt = 2.1 min, (M+H^ - 420 

ii) To a suspension of polymer supported difeapropylamine (3.78 mmoVg. 0.38 g, 1.47 
20 mmole) and 2<{[(S)-phenyl[(2S)-4-(phenylmetixyl)morpholin-2.yl]me&^^^ 

S^arboxamide (0.123 g, 0.29 mmole) in dry DCM (10 ml) is added 1-chloroethyl 
chloroformate (0.16 ml, 1.47 mmole) at room temperature and under nitrogen. The 
nuxture is heated at AO'C for 2 hours. The reaction mixtijre is then filtered and 
concentrated in vacuo to give a pale yellow residue. This is taken up in methanol (10 ml) 
25 and the solution left to stir at room temperature for 3 hours. After this time, the reaction 
nuxture is loaded directly onto an SClO-2 column. Hie SClO-2 column is washed with 
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methanol then more basic compomds are eluted with 2 N NHs/methanol. The ammonia 
soluition is concentrated in vacuo to give 2-{[(S)-(25>niorpholin-2- 
yl(phenyl)methyl]thio}pyridine-3-carboxamide as a pale yellow oil (0.097 g, 100 %). The 
pale yellow oil is taken up in methanol. To this is added a solution of fumaric acid (1 
5 equiv, 0.0153 g) in methanol. This is stirred for a couple of minutes, then EtOAc added. 
The resulting precipitate is collected by filtration to give the fumarate salt of 2-{[(S)-(2S)- 
morpholin-2-yl(phenyl)methyl]fhio}pyTidine-3-carboxamide (1:1 fumarate salt) as a 
white soUd (0.095 g). LCMS 12 min gradient method, Rt = 2.4 min, (M+H*) = 330 

10 Rxamplel3G: 2-(r(5:>-(25^-morDholin- 2-virphenvninethvllthio\pvridine-3- 
carbonitrile fiimarate 




Fumarate salt 



i) To a degassed solution of 5-{(S)-phenyl[(2S)-4-(phenyhnelhyl)morpholin-2-yl]methyl} 
ethanethioate (5) (0.050 g, 0.147 mmole) and 2-chloro-3-cyanopyridine (0.020 g, 0.146 

15 mmol) in ethanol (1 .5 ml) is added a solution of sodium hydroxide in water (2 M, 0.146 
ml, 0.293 mmole). The resulting solution is stirred at room temperature for ~17 hours. 
The reaction mixture is diluted with methanol and loaded onto an SCI 0-2 column 
preconditioned with MeOH. The column is washed with MeOH then basic material is 
eluted with 2 N NHa/methanol. This ammonia solution is concentrated in vacuo to give 2- 

20 ({[(S)-phenyl[(25)-4-(phenyhnethyl)morpholin-2-yl]methyl}tMo)pyridine-3-carbonitrU^ 
as an off white soUd (0.055 g, 93%). LCMS 6 min gradient method, Rt = 2.8 min, 
(M+H*) = 402 

ii) To a suspension of polymer supported diwopropylamine (3.78 mmol/g, 0.181 g, 0.685 
25 mmole) and2<{[(5)-phenyl[(25)-4-(phenyhnethyl)morpholin-2-yl]me1hyl}thio)pyridine- 
3-carbonitrile (0.055 g, 0.137 mmole) m dry DCM (5 ml) is added 1-chloroethyl 
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chloroformate (0,075 ml, 0.685 mmole) at room temperature and under nitrogen. The 
mixture is heated at 40°C for 2 hours. The reaction mixture is then filtered and 
concentrated in vacuo to give a pale orange liquid. This is taken up in methanol (5 ml) 
and the solution left to stir at room temperature overnight. After this time, the reaction 

5 mixture is loaded directly onto an SClO-2 column. The SClO-2 column is washed with 
methanol then more basic material is eluted with 2 N NHa/methanol. The ammonia 
solution is concentrated in vacuo to give 2-{[(iS)-(2S)-morpholin-2- 
yl(phenyl)methyl]thio}pyridine-3-carbonitrile as a pale yellow oil (0.041. g, 95 %). The 
pale yellow oil is taken up in methanol. To this is added a solution of fumaric acid (1 

10 equiv, 0.0153 g) in methanol. This is stirred for a couple of minutes, then EtOAc 

followed by cyclohexane added. The resulting precipitate is collected by filtration to give 
the fumarate salt of 2-{[(5)<2S)-morpholin-2-yl(phenyl)methyl]thio}pyridine-3- 
carbonitrile (1:1 fimiarate salt) as a white solid (0.042 g). LCMS 12 min gradient method, 
Rt = 4.6 mm, (M+H^ = 312 

15 

Example 14G; (2iS^-2"fDhenvl(pvridin-2-vlthio^methvllmorpholme hydrochloride 




Fumarate 



i) To a stirred solution of (i?)-phenyl[(2iS)-4-(phenylmethyl)morpholin-2-yl]methyl 
methanesulfonate (0.70 g, 1.94 mmole) and 2-mercaptopyridine (0.54 g, 4,84 mmole) in 

20 anhydrous DMF, at room temperature and under nitrogen, is added potassium carbonate 
(0.80 g, 5,81 mmole). The reaction is left to stir at room temperature for 6 days. The 
reaction mixture is diluted with methanol and loaded onto an SCI 0-2 colimm 
preconditioned with MeOH. The column is washed with MeOH then basic material is 
eluted with 2 N NHs/metiianoL This ammonia solution is concentrated in vacuo to give an 

25 orange residue (0.881 g). Purification by automated flash chromatography (ISCO System, 
0 - 30 % ethyl acetate in fcohexane gradient elution over 30 minutes) gave (2jS)-2- 
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10 



[phenyl(pyridin.2.yltHo)meihyl]-4-(phenylme1iiyl^^^^ as a colourless oil (0.245 
g, 34 %). LCMS 6 min gradient method, Rt = 2.7 min, (M+H^ = 377. 

u) Deprotection of the morpholine nitrogea is carried out using the method and work up 
as described inExample IG, using polymer supported dii^opropylamine (3.78 mmole/g, 
0 43 g 1.64 mmole), (2S)-2-[phenyl(pyridin-2-ylthio)methyl]-4- 
(phen^hnethyDmorpholine (0.103g, 0.274 mmole), dry DCM (10 ml), 1-chloroethyl 
chloroformate (0.15 ml, 1.37 mmole) and methanol (10 ml). This gave apale yellow oil 
(0 058 g, 74 %). ). Purification of this residue by automated flash chromatography (ISCO 
System Si02 Redisep column, 10 % MeOH in DCM) gave a colourless oU (0.044 g, 54 
o/o) Ihis oU is taken up in ethyl acetate. To this is added a solution of hydrochloric acid m 
dioxane (4 M. 0.1 ml). Concentration in vacuo gave the hydrochloride salt of (2S)-2- 
[phenyl(pyridin.2-yl1hio)methyl] as a vMie soUd (0.045 g). LCMS 6 min gradient 
method, Rt = 1.8 min, QA+lt) = 287 



15 




F.Tample 15G; 
fumarate 




20 



25 



i) To (S)-phenyl[(2^-4-(phenyhnethyl)morpholin-2-yl]melhand^^^ (6) (0.50 g, 1.67 
nnnole) and 2-chloro-3-iodopyridine (0.48 g, 2.00 mmole) in degassed DMF (3 ml) is 
added cesium fluoride (0.38 g, 2.50 mmole) at room temperature and under mtrogen. The 
^ is heated at between 55-75«C for 3 days. The organic layer is then loaded directly 
onto a 35 g ISCO column (SiOa) and columned using automated flash chromatography (0 
_ 30O/O EtOAc in cyclohexane over 30 minutes) to give a pale yellow crystallme solid 
(0 55 g) The soUd is taken up in DCM:MeOH (1 :1) and loaded onto an SClO-2 column 
(1 0 g) preconditioned with MeOH. The column is washed with MeOH to remove 2- 
chloro-3-iodopyridine,1henmorebasicmaterialiselutedwith2NNH3/methanol.The 
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ammonia solution is concentrated in vacuo to give (25>-2-[(5)-[(3-iodopyridin-2- 
yl)thio](phenyl)methyl]-4-(phenylmethyl)inDrpholine as a pale yellow solid (0.19 g, 
23%). LCMS 6 nun gradient method, Rt = 3.8 min, (M+H^ = 503 
ii) To a suspension of polymer supported diisopropylamine (3.72 mmol/g, 0.285 g, 1.06 
5 mmole) and (25)-2-[(S)-[(3-iodopyridin-2-yl)thio](phenyl)methyl]-4- 

(phenylmethyl)morpholine (0.107 g, 0.21 mmole) in dry DCM (1.5 ml) is added 1- 
chloroethyl chloroformate (0.1 16 ml, 1.06 mmole) at room temperature and under 
nitrogen. The mixture is heated at 40°C for 2 hours. The reaction mixture is then filtered 
and concentrated in vacuo to give a pale orange liquid. This is taken up in methanol (1.5 
10 ml) and the solution left to stir at room temperature overnight. After stirring overnight at 
room temperature, the reaction mixture is loaded directly onto an SCI 0-2 column. The 
SClO-2 column is washed with methanol, then more basic material is eluted with 2 N 
NHa/methanol. The ammonia solution is concentrated m vacuo to give (2S)-2-[(5)-[(3- 
iodopyridin-2-yl)thio](phenyl)methyl]morpholiae as a pale yellow oil (0.047 g, 53%). 
1 5 This oil is taken up in methanol and to this is added a solution of fumaric acid (1 equiv, 
0.013 g) in methanol. This is stirred for a coiq)le of minutes, then EtOAc followed by 
EtaO added. The resultmg precipitate is collected by filtration to give the fijmarate salt of 
(25i)-2-[(S)-[(3-iodopyridin-2-yl)thio](phenyl)methyl]morpholine (1:1 fumarate salt) as a 
white soUd (0.036 g). LCMS 12 min gradient method, Rt = 4.9 min, (M+H^ = 413 

20 

The pharmacological profile of the compounds of Formulae (lA), (IB), (IC), (ID), 
(EE), (JF) and (IG) can be demonstrated as follows. The preferred exemplified 
compounds above exhibit a Kj value less than 500nM at the norepinephrine transporter as 
25 determined using the scintillation pcoximity assay described below. Furthermore, the 

preferred exemplified compounds above selectively inhibit the norepmephrine transporter 
relative to the serotonin and dopamine transporters by a fector of at least five using the 
scintillation proximity assays as desoibed below. 

30 Generation of stable cell-lines expre.ssing the human dopa mine, norepinephrine and 
serotonin transporters 
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Standard molecular cloning techniques are used to generate stable cell-lines 
expressing the human dopamine, norepinephrine, and serotonin transporters. The 
polymerase chain reaction (PGR) was used in order to isolate and amplify each of tiie 
three fiill-length cDNAs from an appropriate cDNA library. Primers for PGR were 
5 designed using the following published sequence data: 

Himian dopamine transporter: GenBank M95167. Reference: Vandenbergh DJ, 
Persico AM and Uhl GR. A human dopamine transporter cDNA predicts reduced 
glycosylation, displays a novel repetitive element and provides racially-dimorphic TaqI 
10 RFLPs. Molecular Brain Research (1992) Volume 15, pages 161-166. 

Human norepinephrine transporter: GenBank M65105. Reference: Pacholczyk T, 
Blakely, RD and Amara SG. Expression cloning of a cocaine- and antidepressant- 
sensitive human noradrenaline transporter. Nature (1991) Volume 350, pages 350-354. 

15 

Human serotonin transporter: GenBank L05568. Reference: Ramamoorthy S, 
Bauman AL, Moore KR, Han H, Yang-Feng T, Chang AS, Ganapathy V and Blakely RD. 
Antidepressant- and cocaine-sensitivehuman serotonin transporter: Molecular cloning, 
expression, and chromosomal localization. Proceedings of the National Academy of 
20 Sciences of the USA (1993) Volume 90, pages 2542-2546. 

The PGR products are cloned into a marmnalian expression vector (e.g., 
pcDNA3.1 (Invitrogen)) using standard ligation techniques. The constructs are then used 
to stably transfect HEK293 cells using a commercially available lipofection reagent 
25 (Lipofectamine™ - Invitrogen) following the manufacturer's protocol. 

Scintillatioii proximity assays for deta rmininp t he afgnitv of test ligands at the 
norepinephrine transporter 

The compounds of Formulae (II) and (HI) of the present invention are 
30 norepinephrine reuptake inhibitors, and possess excellent activity in, for example, a 
scintillation proximity assay (e.g., J. Gobel, D.L. Saussy and A. Goetz, J. Pharmacol 
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Toxicol (1999) 42:237-244). Thus, ^H-nisoxetme binding to norepinephrine re-uptake 
sites in a cell line transfected with DNA encoding hxunan norepinephrine transporter 
binding protein has been used to determine the affinity of ligands at the norepinephrine 
transporter. 

Membrane Preparation; 

Cell pastes from large scale production of HEK-293 cells expressing cloned 
human norepinephrine transporters were homogenized ia 4 volumes 50mM Tris-HCl 
containing BOOroM NaCl and 5mM KCl, pH 7.4. The homogenate was centrifuged twice 
(40,000g, lOmin, 4°C) with pellet re-suspension in 4 volimies of Tris-HCl buffer 
containing the above reagents after the first spin and 8 volumes after the second spin. 
The suspended homogenate was centrifuged (lOOg, lOmin, 4^C) and the supematant kept 
and re-centrifuged (40,000g, 20min, 4^C). The pellet was resuspended ui Tris-HCl buffer 
containing the above reagents along with 10%w/v sucrose and O.lmM 
phenylmethylsulfonyl fluoride OPMSF). The membrane preparation was stored in 
aliquots (1ml) at -80°C until required. The protein concentration of the membrane 
preparation was determined using a bicinchoninic acid (BCA) protein assay reagent kit 
(available from Pierce). 

[^BQ-Nisoxetine Binding Assay: 

Each well of a 96 well microtitre plate was set up to contain the following: 
SOid 2nM [N-methyl-^H]-Nisoxetine hydrochloride (70-87Ci/mmol, from NEN Life 
Science Products) 

75m1 Assay buffer (50mM Tris-HCl pH 7.4 containing 300mM NaCl and 5mM KCl) 
25pl Test compound, assay buffer (total binding) or lOpM Desipranoine HCl (non- 
specific binding) 

SOjxl Wheatgerm agglutinin coated poly (vmyltoluene) (WGA PVT) SPA Beads 

(Amersham Biosciences RPNQOOOl) (lOmg/ml) 
50|j.l Membrane (0,2mg protein per ml) 

The microtitre plates were incubated at room temperature for 10 hours prior to 
reading in a Trilux scintillation counter. The results were analysed using an automatic 
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spline fitting programme (Multicalc, Packard, Milton Keynes, UK) to provide Ki values 
for each of the test compounds. 

Serotonin Binding Assay 

The ability of a test compound to compete with [^Hl-citalopram for its bindmg 
sites on cloned human serotonin transporter containing membranes has been used as a 
measure of test compound ability to block serotonin uptake via its specific transporter 
(Ramamoorthy, S., Giovanetti, E., Qian, Y., Blakely, R., (1998) J, Biol Chem. 273: 
2458). 



Membrane Preparation: 

Membrane preparation is essentially similar to that for the norepinephrine 
transporter containing membranes as described above. The membrane preparation was 
stored in aliquots (1ml) at -70°C until required. The protem concentration of the 
1 5 membrane preparation was determined using a BCA protein assay reagent kit. 

[^H]-Citalopram Binding Assay: 

Each well of a 96 well microtitre plate was set up to contain the following: 

50jil 2nM [^H]-Citalopram (60-86Ci/xnmol, Amersham Biosciences) 
20 15\i\ Assay bujffer (50mM Tris-HCl pH 7.4 containing 150mM NaCl and SmM KCl) 

25|Ld Diluted compovmd, assay buffer (total binding) or lOOpM Fluoxetine (non- 
specific binding) 

50^ll WGA PVT SPA Beads (40mg/ml) 

50jil Membrane preparation (0.4mg protein per ml) 
25 The miarotitre plates were incubated at room temperature for 10 hours prior to 

reading in a Trilux scintillation counter. The results were analysed using an automatic 

spline fitting programme (Multicalc, Packard, Milton Keynes, UK) to provide Ki (nM) 

values for each of the test compounds. 



30 Dopamine Binding Assay 



\ 
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The ability of a test compound to compete with [^H]-WIN3 5,428 for its binding 
sites on human ceU membranes containing cloned human dopamine transporter has been 
used as ameasure of the abiUty of such test compounds to block dopamine uptake via its 
specific transporter (Ramamoorthy et al 1998 supra). 

5 

Membrane Preparation; 

Is essentially the same as for membranes containing cloned human serotomn 
. transporter as described above. 

10 [^H1-WIN35,428 Binding Assay: 

Each well of a 96well microtitre plate was set up to contain the following: 
50m1 4nM [^H]-WIN3 5,428 (84-87Ci/mmol, from NEN Life Science Products) 
75pl Assay buffer (50mM Tris-HCl pH 7.4 containing 150niM NaCl and 5mM KCl) 
25va Diluted compound, assay buffer (total bmding).or lOOpM Nomifensine (non- 
15 specific binding) 

50^1 WGA PVT SPA Beads (lOmg/ml) 

50^.1 Membrane preparation (0.2mg protein per ml.) 

The microtitre plates were incubated at room temperature for 120 minutes prior to 
reading in a Trilux scintiUation counter. The results were analysed using an automatic 
20 splme fitting programme (Multicalc, Packard, Milton Keynes, UK) to provide Ki values 
for each of the test compounds. 

AcidStabiMty 

The acid stabiHty of a compound according to flie present invention was 
25 determined as a solution in buffer at 6 diff^nt pH values (HQ O.IN, pH 2. pH 4. pH 6. 
pH 7, and pH 8) at 40"C over a time course of 72 hours. Samples were taken at the 
beginning of the study and after 3, 6 and 24 hours and analysed by capillary 
electrophoresis. The origmal sample used in this study contained 0.8% of the undesired 
epimer as internal standard. The samples taken at the different time points during the 
30 study did not show any significant change in the percentage of the undesired epimer. This 
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assay confinns that compounds of the present invention are chemicaUy and 
configuradonally stable under acidic conditions. 

Tn Vitro Determination of the Interacti on of compounds with CYP2D6 in Human 

Hepatic Microsomes 

Cytochrome P450 2D6 (CYP2D6) is a mammaUan enzyme which is commonly 
associated with the metaboUsm of around 30% of pharmaceutical compounds. Moreover, 
this enzyme exhibits genetic polymorphism, resulting in the presence of both normal and 
poor metabolizers in the population. A low involvement of CYP2D6 in the metabolism of 
compounds (i.e. the compound being a poor substrate of CYP2D6) is desirable in order to 
reduce any variability ftom subject to subject in the pharmacokinetics of the compound. 
Also, compounds with a low inhihibitor potential for CYP2D6 are desirable in order to 

avoid drug-drag mteractions with co-administered drags that are substrates of CYP2D6. 

Compounds can be tested both as substrates and as inhibitors of this enzyme by means of 

the following assays. 

CYP2P6 substrate assay 
Principle; 

This assay determines the extent of Ihe CYP2D6 enzyme mvolvement in the total 
oxidative metaboUsm of a compound in microsomes. Preferred compounds of the present 
invention exhibit less than 75% total metaboUsm via the CYP2D6 pathway. 

For this in vitro assay, the extent of oxidative metaboUsm in human liver 
microsomes (HLM) is determined after a 30 minute incubation m the absence and 
presence of Quinidme, a specific chemical inhibitor of CYP2D6. The difference in the 
extent of metabolism in absence and presence of the inhibitor indicates the involvement 
of CYP2D6 in the metabolism of the compound. 

Materials and Methods: 

Human Uver microsomes (mixture of 20 different donors, mixed gender) were 
3 acquired from Human Biologies (Scottsdale, AZ, USA). (Juinidine and p-NADPH 

(p-Nicotinamide Adenine Dmucleotide Phosphate, reduced form, tetrasodium salt) were 
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purchased firom Sigma (St Louis, MO, USA). AU the other reagents and solvents were of 
analytical grade. A stock solution of the new chemical entity (NCE) was prepared in a 
mixture of Acetonitrile/Water to reach a final concentration of acetonitrile in the 
incubation below 0.5%. 
5 The miorosomal mcubation mixture (total volume 0.1 mL) contained the NCE (4 

]xM), p-NADPH (1 mM), microsomal proteins (0.5 mg/mL), and Quinidine (0 or 2 \iM) 
in 100 mM sodium phosphate buffer pH 7.4. The mixture was incubated for 30 minutes at 
37 °C in a shaking waterbath. The reaction was terminated by the addition of acetonitrile 
(75 ^L). The samples were vortexed and the denaturated proteins were removed by 
10 centrift^ation. The amount of NCE in the supernatant was analyzed by liquid 

chromatography /mass spectrometry (LC/MS) after addition of an internal standard. A 
sample was also taken at the start of the incubation (^0), and analysed similarly. 

Analysis of the NCE was performed by liquid chromatography /mass 
spectrometry. Ten nL of diluted samples (20 fold dilution in the mobUe phase) were 
15 injected onto a Spherisorb CN Column, 5 ^iM and 2.1 mm x 100 mm (Waters corp. 

Milford, MA, USA). The mobile phase consisting of a mixture of Solvent A/Solvent B, 
30/70 (v/v) was pumped (Alliance 2795, Waters corp. Milford, MA, USA) through liie 
column at a flow rate of 0.2 ml/minute. Solvent A and Solvent B were a mixture of 
ammonium formate 5.10'^ M pH 4.5/ methanol in the proportions 95/5 (v/v) and 10/90 
20 (v/v), for solvent A and solvent B, respectively. The NCE and the internal standard were 
quantified by monitoring their molecular ion using a mass spectrometer ZMD or ZQ 
(Waters-Micromass corp, Machester, UK) operated in a positive electrospray ionisation. 
The extent of CYP2D6 involvement (% of CYP2D6 involvement) was calculated 
. comparing the extent of metabolism in absence and in presence of quinidine in the 
25 incubation. 

The extent of metabolism without inhibitor (%) was calculated as follows: 

(NCE response in samples without inhibitor)tiine 0 - (NCE response in samples wifliout iiihibitor)time30 ^. 
(NCE response in samples without inhibitor)tjme 0 

Hie extent of metabolism with inhibitor (%) was calculated as follows: 

(NCE response in samples without inhibitor)timeO - (NCE response in samples wifli inhibitor)tiine30 
(NCE response in samples without inhibitor)time 0 
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where the NCE response is the area of the NCE divided by the area of the internal 
standard in the LC/MS analysis chromatogram, timeO and time30 correspond to the 0 and 
30 minutes incubation time. 

The % of CYP2D6 involvement was calculated as foUows : 

5 

(% extent of metabolism without inhibitor) - (% extent of metabolism with inhibitor) „ ^ 
% extent of metabolism widioiit inhibitor 

r:YP2D6 inhibitor assay 
Principle; 

1 0 The C YP2D6 inhibitor assay evaluates the potential for a compound to mhibit 

CYP2D6. This is performed by the measurement of the inhibition of the bufiiralol 1'- 
hydroxylase activity by the compound compared to a control. The I'-hydroxylation of 
bufiiralol is a metabolic reaction specific to CYP2D6. Preferred compounds of the present 
mvention exhibit an IC50 higher than 6 jiM for CYP2D6 activity, the IC50 being the 

15 concentration of the compound that gives 50 % of inhibition of the CYP2D6 activity. 



Materials and Methods: 

Human liver microsomes (mixture of 20 different donors, mixed gender) were 
acquired from Human Biologies (Scottsdale, AZ). p-NADPH was purchased firom Sigma 
20 (St Louis, MO). Bufiiralol was purchased from Ultrafine (Manchester, UK). All the other 
reagents and solvents were of analytical grade. 

Microsomal incubation mixture (total volume 0.1 mL) contained buflnralol 10 pM, 
p-NADPH (2 mM), microsomal proteins (0.5 mg/mL), and the new chemical entity 
(NCE) (0, 5, and 25 \xM) in 100 mM sodium phosphate buffer pH 7.4. The mixture was 
25 mcubated m a shakmg waterbath at 37 °C for 5 minutes. The reaction was terminated by 
the addition of methanol (75 ^L). The samples were vortexed and the denaturated 
proteins were removed by centrifiigation. The supernatant was analyzed by Uquid 
chromatography connected to a fluorescence detector. The formation of the 1'- 
hydroxybufiiralol was monitored in control samples (0 |jM NCE) and in the samples 
30 incubated in presence of the NCE. The stock solution of NCE was prepared m a mixture 
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of AcetonitrileAVater to reach a final concentration of acetonitrile in the incubation below 
L0%. 



The detennination of 1 'hydroxybufuralol in the samples was perfonned by liquid 
5 chromatograhy with fluorimetric detection as described below. Twenty five |iL samples 
were injected onto a Chromolith Performance RP-18e column (100 mm x 4.6 mm) 
(Merck KGAa, Darmstadt, Germany). The mobile phase, consistmg of a mixture of 
solvent A and solvent B whose the proportions changed according the foUowmg linear 
gradient, was pumped through the column at a flow rate of 1 ml/min: 



Time (minutes) 


Solvent A (%) 


Solvent B(%) 


0 


65 


35 


2.0 


65 


35 


2.5 


0 


100 


5.5 


0 


100 


6.0 


65 


35 



10 

Solvent A and Solvent B consisted of a mixture of 0.02 M potassium 
dihydrogenophosphate buffer pH3/ methanol in the proportion 90/10 (v/v) for solvent A 
and 10/90 (v/v) for solvent B. The run tune was 7.5 minutes. Formation of T- 
hydroxybufiiralol was monitored by fluorimetric detection with extinction at X 252 nm 
1 S and emission at A. 302 nm. 



The ICso of the NCE for CYP2D6 was calculated by the measurement of the 
percent of mhibition of the formation of the I'-hydroxybufuralol in presence of the NCE 
compared to control samples (no NCE) at a known concentration of the NCE. 
20 The percent of inhibition of the formation of the r -hydroxybufuralol is calculated 

as follows: 



(r-hydro3ybufuralol formed without inhibitor) -(1 -hydroxybufuralol formed with inhibitor) ^^^^^ 
(r-hydro?Qrbufuralol area formed without inhibitor) 

The IC50 is calculated firom the percent inhibition of the formation of the 1 
25 hydroxybufuralol as follows (assuming competitive inhibition): 
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NCE Concentration x(lOO- Percent of inhibition) 
Percent of inhibition 

The IC50 estimation is assvimed valid if inhibition is between 20% and 80% 
(Moody GC, Griffin SJ, Matiier AN, McGinnity DF, Riley RJ. (1999) Fully automated 
analysis of activities catalyzed by the major hximan liver cytochrome P450 (GYP) 
enzymes: assessment of human GYP inhibition potential. Xenobiotica 29(1): 53-75). 
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Rvample 

F.fFects of Atomoxetine on Le aminp; and Memory in Rats 

The effects of atomoxetine on learning and memory in rats are evaluated in two 
different animal models. In an 8-arm radial maze delayed non-match to sample 
5 (DNMTS) task, well-trained rats recall where they received rewards during an 

information phase in order to obtain the remaining rewards during a retention phase 
conducted after a delay of several hours. Performance in this task is mfluenced by the 
administration of putative amnesics and cognitive enhancers (StaubU U, Rogers G, Lynch 
G (1994) Facilitation of glutamate receptors enhances meoaory. Proc Natl Acad Sci USA 
10 91 : 777-781; Pilcher JJ, Sessions GR, McBride SA (1997) Scopolamine unpairs spatial 
workmg memory in tiie radial maze: an analysis by error type and arm choice. Pharmacol 
Biochem Behav 58: 449-459; PussinenR, Sirvio J (1999) Effects of D-cycloserihe, a 
positive modulator of N-methyl-D-aspartate receptors, and ST 587, a putative alpha-1 
adrenergic agonist, individually and in combination, on the non-delayed and delayed 
15 foraging behaviour of rats assessed In the radial arm maze. J Psychopharmacol 13:171- 
179; Wolff M.C., Leander,J. David (2003) A comparison of the effects of antipsychotics 
on a delayed radial maze task in the rat. Psychopharmacolology 168:410-416). 
Additionally, an object recognition task tiiat is based on the rat's natural differential 
exploration of novel and femiliar objects (Ennaceur A, Delacour J (1988) A new one-trial 
20 test for neurobiological studies of memory in rats. 1 : Behavioral data, Behav. Brain Res 
3 1 : 47-59) is used. Given a choice, a rat will spend more time mteracting with a novel 
object rather than with a femiliar (remembered) object 

Methods 

25 

Delaved non-match to samnle (NMTS^ in the rad ial arm maze 

Male, Sprague-Dawley rats (Elarlan Sprague-Dawley, Indianapolis, IN) are trained 
and tested in an 8-arm radial maze (Habitest, L2T2S control software, Coulboum 
Instruments, Allentown, PA) in the same manner as previously published (Wolff M.C., 
30 Leander, J. David (2003) A comparison of the effects of antipsychotics on a delayed 
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radial maze task in the rat Psychopharmacolologyl6S:410-Al6). Rats are initially 
trained to search for food at the end of each of the 8 arms. Once the rats reach the criteria 
of no more than 2 errors (i.e., entering the same arm more than once during a session) on 
3 consecutive days, a delay of 1 minute is imposed between the 4* and the 5*^ arm 
choices. This training ensures that the rats are thoroughly famiUar with the procedural 
aspects of the task before drug testing. Once stable performance is obtained (i.e., no more 
than 1 error is made on 3 consecutive days), drug and vehicle tests commence usmg a 7 
hour delay period. Rats weigh approximately 450 g at the start of drug testing. 

During the information phase, each rat is placed on the center platform with 
access to all 8 arms of the maze blocked. Four of the 8 aims are randomly selected and 
baited with food. The gates of the baited arms are raised and the rat is allowed 5 minutes 
to retrieve the food at the end of each of ihe 4 arms. As soon as the rat obtains the food 
from each of the 4 baited arms, it is removed, administered the appropriate vehicle or 
drug, and placed back in its home cage. Seven hours later (retention phase), the rat is 
placed back onto the center platform with access to all 8 arms blocked. During the 
retention phase, the 4 arms that are not baited during the information phase are now 
baited. The gates to all 8 arms are raised and the rat is allowed 5 minutes to obtain the 
remainmg 4 pieces of food. An entry into a non-baited arm or a re-entry into a previously 
visited arm is considered an error. A novel set of arms is baited each day for each rat and 
the maze is thoroughly cleaned with a 70% isopropyl alcohol solution during the delay 
period. 

Dmg or vehicle tests are conducted on Tuesday and Friday, and the animals are 
not tested on the mtervening days. The doses of drug ace administered orally in a semi- 
random (N=7 rats/dose). The number of errors that are committed during the 
determination of each dose response curve is always compared to the average number of 
errors from a vehicle test conducted before and a test made after all the doses of that drug 
are administered. This ensures that any reduction in the number of errors is due to a drug 
effect and not to a shift m the baseline number of errors. 
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Object recognition method 

Object recognition is studied in male Sprague-Dawley rats (average weight 375 g, 
obtained firom Harlan Sprague Dawley, Indianapolis IN). The rats are acclimated to the 
housing enviroimient for one week and are maintained on a 12h li^t-dark cycle (lights on 
5 at 6 am) with free access to food and water. The rats are placed in the test apparatus, a 
clear Plexiglas box measuring 25 cm X 25 cm, for 3 daily, 15 min periods in order to 
habituate them to the testing enviroimient. 

Diuing the testing phase of the experiment, rats are administered appropriate 
vehicle or drug (N = 9/dose) and placed back in their home cage for the pre-treatment 

10 period (60 minutes). The object recognition test consists of 2 phases, an information 
phase and a retention phase, separated by 3 hours. During the information phase, 2 
identical copies of an object (designated the fanoiliar object) are placed in opposite 
comers of the box. The rat is placed in the box equidistant from, and facing the objects, 
and allowed to freely explore for 2 minutes. The time spent sniffing (nose < 2.5 cm from 

1 5 the object), gnawing, or touching the objects with the front paws is recorded. During the 
retention phase, one copy of the familiar object and one copy of a novel object are placed 
in the opposite comers of the box. The rat is placed back in the observation box and 
allowed to freely explore for 2 minutes. The time spent interacting with each of the 
objects is recorded. An index of recognition (Ennaceur A, Delacour J (1988) A new one- 

20 trial test for neurobiological studies of memory in rats. 1 : Behavioral data. Behav. Brain 
Res, 3 1 : 47-59) is calculated by dividing the time spent investigating the novel object by 
the total time spent examining both objects. 

The results are shown graphically in Figures 1 and 2. 

Figure 1 shows that atomoxetine improves learning and memory performance of 
25 rats in the 8 arm radial maze, demonstrating its effect on retention of spatial memory 
driven by food reward. 

Figure 2 shows that atomoxetine improves object recognition of rats. 

The invention being thus described, it is obvious that the same can be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and 
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scope of the present invention, and all such modiJfications as would be obvious to one 
skilled in the art are intended to be included within the scope of the following claims. 

5 



